-1 - DESCRI PTI ON

4- ALKOXY- 2, 6- DI - T- BUTYLPHENOL DERI VATI VES [ TECHNI CARFHELD] Thi s

i nvention relates to conpounds for preventing the oxidative nodification
of, low density lipoprotein (LDL), particuiarly, to conpounds useful as

t herapeutics of arteriosclerosis nyq,ardidl i nfarction and other ischenc
di seases. More spécifically, the invéntion relates to conpounds
represented by the followi ng general formula (1), as well as conpounds
represented by the general formula | re useful internediates for
the synthesis of conpounds (I): [er&FEERWQ&EBNa (where Rerr] is a
hydrogen atom or an ekl xBkoup; 6RbELEL sl vRrhE@LIBErdvAAAGhed al kyl
group having 1-6 carbon atons;’gs I's a hydrogen atom or a straight or
branched altkelpgirenp kawpg 1-.6 carbon atons; Rierr], Rerr] and Rerr],

whi ch may be the same or different, are a hydrogen atomor an optionally
substituted al kyl rnalskamylentaldsy Belatesard dnpindd efdd and Rl err], when
taken together, may forma furan or a dihydrofuran ring; Rerr] and Rerr],
when t gken pregeintding rie foaridatt icne Inealilfdlcagriaam of EDhetpaocyeobl£ryoup in
whi ch at | east one nethylene on the ring of a cycloal kyl group is

subst i t ut edchramponndgensainl & siidnapatttivorofimatdyiosubastdsis ed
nitrogen atom provided that Rerr] i.s not present if the ring fornmed-:by

Rl err] and "eaardicdk dnfarptiny dnd phaw disphgmic diseases. More

specifically, the invention relates to compounds represented
by the following general formula (1), as well aé.compounds
10 represented by the general formula (II) which are useful

intermediates for the synthesis of compounds (I):

t-Bu

| D C G

(where R is a hydrogen atom or an'acyl group; R? is a lower
alkyl group; R® is a hydrogen atom or a lower alkyl group:;
R', RS anci;Rs, which may be the same or different, are a

15 hydrogen atom or an optionally substituted alkyl, alkenyl,

‘ alkynyl or aryl group; R? and R‘, when _taken together, may
form a S5-membered ring; R® and R®, when taken together, may
form a cycloalkyl group or a heterocyclic group in which
at least one methylene on thé ring of a cycloalkyl group is

20 substituted by an oxygen. atom, a sulfur atom or an alkyl-
substituted nitrogen atom, provided that R® is not present if

the ring formed by R’ and R' taken together is a benzofuran
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-2- ring); [err] (where Rierr] has the same neaning as defined
above; A is a protective group; R err] is a hydrogen-atomor a straight or
branched al kyl group having 1-6 carbon atons; and m44;4y+44#4xﬁ¥~{#—gpor

1). [ BACKGROUND ART] - At heroscl erosis is onel%f h 4%%&1
causes of ischem c diseases such as angi na pectoris, '

I nfarction and cerebral apopl exy. The nmechani sm of ini ﬂ Bi ﬁ
progre55|f§h . atherosclerosis is closely rel ated to

modi fi cati on® of LDL.” The rodified LDLs are not recogni zed by the LDL
receptor but by the scavenger reageyor, to induce the foamcell formation

which is characterized by %.olest-rol qﬁﬁ ?ul |on The

nodi fication of LDL is cause 9 arm tells, smooth nuscle cells,

macr ophages, etc. and the modi Y4 DLs are eventuak t aken by

macr ophages via the scavenger r pat hways. It addi tionally known
that the nodification of LDL p B cells is S|n1Iar to the oxidative

nmodi fication of LDL by Cu[egigf QR8L is chiefly conposed of
chol esterol esters, phospholipids and apo-B-100. The oxidative
nodi fication of LDL is shown fronkVari ous aspects, for exanple
fragnent ati on

(where R® has the same meaning as defined above; A is
a protective group:; R® is a hydroggn atom or a lé&er alkyl
group; and m is an integer of 0 or 1).
5 [BACKGROUND ART]
Atherosclerosis is one of the principal causes
of ischemic”diseases such as angina pectoris, myocardial
infarction and cerebral apoplexy. The mechanism of initia-
tion and progression of atherosclerosis is closely related
- 10 .to the oxidative modification of LDL. The modified LDLs
are not recognized by the LDL receptor but by the scavenger
receptor, to induce the foam cell formation which is
characterized by cholesterol accumulation.
The modification of LDL is caused by endofhelial
15 cells, smooth muscle cells, macrophages, etc. and the
modified LDLs are eventually taken by macrophages via the
scavenger or other pathways. It is additionally known that
the modification of LDL by these cells is similar to the
oxidative modification of LDL by Cu?.
20 LDL is chiefly composed of cholesterol esters,
phospholipids and apo-B-100. The oxidative modification of

LDL is shown from various aspects, for example fragmentation
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of apo-B-100 by the generated radicals, the reaction between the lipid

peroxidation products and the free am no groups _in apo-B-100 |ysine
resi dues, and the transfornmation of phosphatidyl choline to a

| yso-form One of the nost 5 established phenonena in LDL oxidation is an
I ncrease of thiobarbituric acid reactive substances (TBARS) as a

resul t of the |ipid peroxidation. Oxidized LDL, or LDL that has

under gone o3aBc2u dap! ue BRA! bhAarhens eausesibhcehgaragtion pevhaemati on

and the chol erol ‘accumu scavenger 10 and ot her pathways.

Under theg@eCiligddbbaReeddaitiohs pe¥@aet8dahliathe fre€08ROHBAgrHapsng the
I nhibitory action on |ipid peroxidation can inhibit the initiation and

progressi gn @pcaBRa00geRsine resh@abe)Sahy Rheverbhsgorhetashdeti ve -
nodi fication of LDL 15 and, hence, have the potential to work as

t her apeut iphosphatidylacheliaecker asiyso-form. One ofnthechestc di seases
such as cerebral apopl exy and nyocardial infarction, various active
oxygerd spestablished gphengeesratiad Lddr oxddbltdod depenf decyrase dSchem c
sites 20 and tissue disorders can be exacerbated by the disruption

of cell nevEchadidvrie Relderractd veasybs tepcere (TPARE) as a peswviitdation. -
It is expected that conpounds having the anti-oxidative activity can

prevent tIRF (hesdendids pegerd-dation. iy Oxdci@mdc IPLsi OFs LY *BASVPAS the
vaTOS aGi e DU 20 RN Sl JI T D4R P DRl v
formation and the cholesterol accumulation by tbg‘scavenger
10 and other pathways.

Under these circumstances, it is expected that
compounds having the inhibitory action on lipid peroxidation
can inhibiﬂ'the initiation and progression of atherogenic
lesions by preventing the oxidative modification of LDL

15 . and, hence, have the potential to work as therapeutics of
arteriosclerosis.
| In ischemic diseases such as cerebral apoplexy
and myocardial infarction, various active oxygen species
are generéted during blood reperfusion at ischemic sites
20 and tissue disorders can be exacerbated by the disruption
of cell membranes and other'effects caused by the lipid |
peroxidation. It is expected that compounds having the
anti-oxidative activity can prevent the tissue disorders
in ischemic lesions by removing the wvarious active oxygen
25 species and lipid peroxidation and, hence, have the

potential to work as therapeutics of ischemic diseases.



- 3- Vitamn E is knowmn as a natural a ntioxidant and
st udi es have been nade to devel op synthetic antioxi dants using vitamn
E as the basic skeleton but no conpletely satisfactory products have
yet been synthesized. 5 ' Some of the conpounds of the present

I nvention whi ch are represented by the general forrmula (I) have

been reported in the official gazette of Japanese Patent Publ i.eati on
(kokai) No. Hei 2;2121975, i.n which the generic_. _...concept of those
particul ar corrpou2vn S eﬁﬁﬁeg’é’&%ﬁ Fe Nafy T YR ASARE 27 11):  [err]
(where R e ' ' br.an d.lower alkyl. gro havj_n 2 - 4
carbon at o#;‘%d%%?‘rfiél ?%%tn%gegfﬁ% o%:(l‘%berlgﬁcﬁé’a‘aclh(%\t)é‘rc‘gzﬂ oxt anq"&r oup :

having 1 'uéiﬁ%‘r%rﬁr_p@)as th(?e?aﬁit?e&‘é@%%r Rar %oOfcoyb%.eq:% ;)unds of

t he present i nvention are ¢ eir geéneric -concept, in

Japanese Pﬁmffwf{%fﬁhd@wx&e t IHeler? stAf8Rsized. USP No.
4,966, 907, etc. DI SCLOSURE OF FNVENTI ON|

5 Some of the compounds of the present invention
which are represented by the general formula (I) have
been reported in the official gazette of Japanese Patent
Publication (kokai) No. Hei 2-121975, in which the generic
concept of those particular compounds is expresgga by the

10 general formula (III):

()

(where R’ is a straight or branched lower alkyl group having
2 - 4 carbon atoms; R® is a sfraight or branched lower alkyl
group having 1 - 4 carbon atoms).
Another part of the compounds of the present
15 invention are described, by their generic concept, in
Japanese Patent Publication (kokai) No. Hei 2-76869,
USP No. 4,966,907, etc.
[DISCLOSURE OF INVENTION]
An object of the present invention is to provide
20 antioxidants useful in the treatment of arteriosclerosis
and other ischemic diseases such as myocardial infarction

and cerebral apoplexy, as well as intermediates useful for



An object of the present invention is to provide 20 antioxidants useful in
‘the treatnent of arteriosclerosis and ot her ischem c di seases such as
nyocardi al infarction and cerebral apoplexy, as well as internediates
useful for - 4 - pr oduci ng
sai d conpounds. We postul ated that the reason for the
| nadequat e efficacy of existing antioxidants such as the conpounds

descrlbed LBaliBengf Ehshalofgaehds. of Japanese Patent 5 Publication
(koka Bkbe 331%1975 aas that their activity was | ost before they

reached the targRk pbketlaBedatsst! PBY reasofasbt yrhi€athadedhatari ous free
radi cal species besides |ipid peroxidation related radicals. Based on

this assugpiiieBcy of ewRs€ongushedokd&nes VSush Uds eshai ¢bmpoundsy t 0
developing 10 efficient antioxidants having higher reaction specificity;
as a resuldescwebkdudd thet offitctalpgardste epf eIaparseséyPatentt he general
formula (1) attained our intended object. The present invention has
been a&ccompbilsication fkekbaldi Noof Hehi 8-121975 wasnghavethedss aobhditnat the
conpounds represented by 15 the general fornula (11) were undocunented,
novel conp@sndest befoxmi hemeréagg@ﬁuthastaﬁgetnﬁatases B@@avﬁ% §ha¥hesis -
of the conpounds represented by the general fornula (

It shoul deéélr%érntneeﬁétdwm& VFHéOES 66ﬁd§aé+°t‘=‘P1eSPeCleFn%ﬁ%%ﬁ wWhPif are

Lﬁg;nggﬁggﬁé%i%ggggﬁner ate dgcgké 28asegv @Eiéoéégﬂkgglthree
we conducted intensive studies with a view to dﬁ%éloping
10 efficient antioxidants having higher reaction specificity;
as a result, we found that the compounds represented by
the general formula (I) attained our intended object. The
preseﬁt invention has been aécomplished on the basis of this
finding. We also found that the compounds represénted by
15 the generél formula (II) were undocumented, novel compounds,
which were useful as intermediates for the synthesis of the
compounds representeé by the general formula (I).
It should be mentioned that the compounds of the
invention which are represented by the general formula (I)
20 have the following three characteristic features:
(1) They are lipid-soluble antioxidants which
inhibit 1ipid peroxidation efficiently:
(2) While there are many species of free radicals
that are involved in oxidation, the compounds react
25 efficiently with those radical species which are responsible
for the chain reaction of lipid peroxidation, therefbre they

inhibit lipid peroxidation intensely.



(1) They are lipid-soluble antioxidants which inhibit lipid

per oxi dation efficiently;

(2) Wiile there are many species of

free radicals that are involved in oxidation, the conpounds react 25

efficiently with those radi cal species which are responsible for the

chain reaction of |ipid peroxidation, therefore they inhibit lipid

peroxi dation intensely. -5- &

(3) In order to verQp specyfi | py X &on inhibiting
(FFetRnofder (06 dodd10p Pilly spectbl Qi bt

action to be spe

icIn n

so- cal | edpedgki 8t 98X IEAKibi ting PEEEESN (o tbe Wwi@% anfpsa8g! ehe

oxygen)

t - butyl

I n aqueous 5 solution.

groups in both ortho-positions of the phenolic hydroxyl

group andspheyjear ¢eugdosupendrildiasvahd ceipglatisoxyFeng idOaqoéotse
conpounds of the present invention are represented by the general

fornulda (kbLutipnthe official gazette of Japanese Patent Publication
(kokai) No. Hei 2-121975 to express their generic concept; another

he conmpounds of the present
i nvent i oncpRpelinasehave loRPresetiedtPyréhesgetel béd f vactive (dxydant two

ave low reactivity for

part of the conp®badsompounds efethecprasentivénvenhlanewhiphessed in terns

of their

10

15

20

25

15 generic_concept in Japanese_ Patent Publication (kokai).
represented by the general formula (I) have two t-butyl :

groups in both ortho-positions of the phenclic hydroxyl
group and they are undocumented novel compounds;g“Some
of the compounds of the present invention are represented
by the general formula (III) in the official gazette of
Japanese Patent Publication (kokai) No. Hei 2-121975 to
express thefir generic concept; another part of the compounds
of the preseﬁt invention are expressed in terms of their
generic concept in Japanese Patent- Publication (kokai)
No. Hei 2-76869 and USP No. 4,966,907; however, the
compbunds 6f the present invention are not described
specifica;ly in these patents.

The present invention is based on the fact that
the compounds represented by the general formula (I) which
have two t-butyl groups in both ortho-positions of the
phenclic hydroxyl group exhibit by far superior effects than
the compounds represented by the general formula (III) and
those described in Japanese Patent Publication (kokai) No.
Hei 2-76869 and USP No. 4,966,907, as will be demonstrated

by test cases to be described later in this specification.

-6 -



No. Hei 2-76869 and USP No. 4, 966, 907; however, the conpounds of the
present invention are not descri bed specifically in these patents.

The present invention is based on the fact that 20 the conpounds
represented by the general forrmula (1) which have two t-butyl groups
i n both ortho-positions of the phenol i ¢ hydroxyl group exhibit by far
superior effects than t he conpounds represented by the generil
formula (I'11) angn the cbhgaendesefi brd iAvdapasrsethat syl Pygbbupati on
(kokai) No. 25 Hei 2-76869 and USP No. 4,966,907, as wll be denonstrated
by test caseRr'tmapebdesgenbrified e:sylan:éttyb Sﬁﬁm}flﬁaprmonyl

- 6- -7- In the conpounds of the
i nvent i onbenzoyicybepzyloxyaarBpeyil] ewg.bewdxbnptetiédbbingcetyl, fornyl,
propi onyl, benzoyl, benzyl oxycarbonyl, with acetyl being

pref erred prefiegred. The RewWeyr etlbYéngPepr psaRl #@rRy ooy RR[eefe}rs ef ers
to a straight or branched al kyl group having 1 - 6 carbon _atons,
exenpld fi &@ By Sf’f'étaﬁﬁht @t’-’h%’-'anﬁ"hﬁﬂoﬁ P‘Yll QEPHEyFaVJ-ﬁQb&t gl 6 §35999I

and err] refers to a

t-butyl. The al p.as
trai ghi GEHSn AR ERRR SO P ERCA L 1 S5hRg - BrBaD m§ magEY..
exer 11 At Wy ShI e DU SN el Uil TR e O,
glr Eggyf‘sg%ﬁd 'Re reBLEL! koans&SE&tr&@ hfahlndaShird h§r8€xp bﬁé@fﬁsd
1 - 20 carbon atoms, as exemplified by methyl, e%hyl n-
10 propyl, 1-propyl, n-butyl, s-butyl, t-butyl, pentyl, hexyl,
heptyl, octyl, nonyl, decyl, etc. The alkenyl group as R?,
R® and R® refers to a straight or branched alkenyl group
having 2 - 20 carbon atoms, as exemplified by vinyl, allyl,
butenyl, pentenyl, geranyl, farnesyl, etc. The alkynyl
15 group as R*, R® and R® refers to a straight or branched
alkynyl group having 2 - 20 carbon atoms, as exemplified
by_ethynyl, propynyl, butynyl, etc. The aryl group as RY,
R’ and R® means a monovalent substituent that is an aromatic
hydrocarbon minus a hydrogen atom, as exemplified by phenyl,
20 tolyl, xylyl, biphenyl, naphthyl, anthryl, phenanthryl,
etc. Carbon atoms on the ring of the aryl group may be
substituted by one or more species such as a halogen atom,
a lower alkyl group, a hydroxyl group, an alkoxy group, an
amino group, a nitro group, a trifluoromethyl group, etc.
25 - Exemplary substituents include a halogen atom, a hydroxyl
group, an amino group, an alkoxy group, an aryloxy group,

etc. The 5-membered ring which may be formed by R? and R*

taken together is exemplified by a furan ring and a dihydro-

" This Sheet Has Been Replaced ‘
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having 2 - 20 carbon atons, as exenplified by vinyl, allyl, butenyl,

pentenyl, geranyl, farnesyl. The al kynyl group as Rerr], Rerr]
and Rlerr] refers to a straight or branched al kynyl group having 2 - 20
carbon atons, as exenplified by ethynyl, propynyl, butynyl. The
aryl group as Rerr], Rerr] and R err] neans a nonoval ent substituent

that is an aronatic hydr ocarbon m nus a hydrogen atom as exenplified by

ggreggln at HE & rfﬁ%yrvrﬁbcopgf%et a’F %%t ant hr 't Hﬂg%{lﬁg({&gﬁ by one or

mor e Specbgﬁﬁéﬂghrfﬁ atgakgﬂﬁnaaﬁéﬁQofﬁghn rin |éﬁ6 & PR a Rod B QX

group, an al koxy gro p, an amno group, a nitro group, a trlfluoronethyl

gr oup. Easaﬂahaﬂngubﬁés{;a@ewewcl Uflige Pl S4By BtPrBu wryﬂfmaay group,

an am no group, an al koxy group, an aryl oxy group. he 5-nmenbered

ring whi chengyrhedf BynrRY dna Meekbkeandofbehet rédkes t@g@tb?dilcbélkyl
exenplified by a furan ring and a di hydro-

-8 - o urgironpnBavihigCB ar8 takbont agehderagi éRempli fikdidentcydiasizene ring
to forma benzofuran ring and a di hydrobenzo- furan ring, respectively.
The cycl ogichplrlgr cyplabutilagychbepéntybd dycRbeexyl ancvédehedtyhken
together refers to a cycloal kyl group having 3 - 8 carbon atons, as.
exenpl|f|@HCQ?°@$EP®-Et§Fop?he botespgygliccgrpeperrich %?ZI%%e&?Imed
cyclohept cl ogc The heterocyclic g rouE whi ch may be forned
by R[err] H{ t%%ﬁ%? together and iR Which & Least 8RR nethyl ene on
the ring o ﬁ;ﬁ%@ggmbﬁt C3HB b3 SUBSLILUIRY: BYoGD PAVGRRsEieMed Sulfur

atom or aff©
10 by an oxygen atom, a sulfur atom or an alkyl-substituted

nitrogen atom may be exemplified by a tetrahydropyranyl
group. The protective group as A may be exemplified by
acetyl, bgn%oyl, methyl, methoxymethyl, methoxyethoxymethyl,
benzyl, trimethylsilyl, benzyloxycarbonyl, tetrahydro-

15 pyranyl, 2-trimethylsilyl)ethoxymethyl, etc., with acetyl
being preferred. _
[BEST MODE FOR CARRYiNG OUT THE INVENTION]

The compounds of the present invention may typically

be synthesized by the following methods.

20

-
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nitrogen atom may be exenplified by a tetrahydropyranyl group. The
protective group as A nay be exenplified by acetyl, benzoyl, nethyl,

met hoxynet hyl , net hoxyet hoxynmet hyl, benzyl, trinmethylsilyl,

benzyl oxycar bonyl, tetrahydro- pyranyl, 2-trinmethylsilyl)ethoxynethyl,
with acetyl Dbeing preferred. [BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON]
The conpounds of the present invention may typically be synthesized by the

foll owi ng (edtrsks.ay -« (Method A) [err]
tBu :
) tBU
HoO Ho 0 tBu
| '] . ,
’ tB
u 0
W _ tBu tBu
(2-1) (2-2) :
1)
tBu 5
HO
| tBu tBu
s 3
(Method B)
. FBU tBu
HO HO
: tBu
(4) (5)



-9- (Met hod C) [err]

{Method CY

‘“’

| cm <7> ! <48>
m l ; CH,0H t :
BeT) : (4 9)
(13) L@
m tB: i ; “CH,X
(14) (10)

(where X is a halogen atom; R and R', which may be the same
or different are an optionally substituted alkyl or aryl

group).

- 10 -



(where X is a halogen atom R and R, which may be the same or different
are an optionally substituted al kyl or aryl group).

- 10 - (Method D) [err]
(Method D)
oH 0A . 0A
tBu\[::::],tBu tBu\[::::],tBU tBuw:::::]/tBu

Olle OMe O0H

(15) (16) an
0A tBu tBu -

tB tBu AO: i HO: ‘g '
tB 0 ~ -

0\/“\ u tBu . 0
(18) 19 0)

(where A is a protective group).

(Method E)*

0A 04 04
tB tBu tB tBu tB tBu
- -’ -
) | N / OH
an 1) - (22)

0A o tBu tBu
tB tBu A0 HO
— -
tBu 0 tBu |
0 A
(23) Q24 (2%

(where A is a protective group).

- 11 -



(where Ais a protective group). (Method E) [err]
(23) 24 (25) (where Ais a protective
group). (Method F) [err] (where Ais a protective
group) . '
(Method F)*
tBu [ tBu 7] tBu
peiinesiNes
tBu OH tBu 0 tBu 0
(where A is a protective group).
(Method G)
04 [ tBu 0 . ' -
140
BOE e aarydens
tBu 0H B0
17
). (28) L))
A tBu +By
NE A CHO
—- 2 _
tBu ;o tBu OH
R R3
) (30) 31D
tBu tBu OH
tBu OH R tBu OH R6
3
_ R R3
(32) (33)
. tBu . tBu
u 0 tB
R6 u
R3 R3 RO
(34) (35)

- 12 -~




(Method G [err] : - 12 -
(where Ais a protective group; Rerr], Rerr] and R err] have the sane
neani ngs as defined above). '

(where A IS a protective group; R}, R® and R® have the same

meanings as defined above).

{Method H)
i : ,tBu th : t f : t
- oAl
(35) (37) 3%
2 2
tBu o tBu  tBu oA tBu -
| :: :: 40
04l OH
. w SN
042 0A2
tBuUtBu tBUﬁ tBu
R N o~ k4
L \(CHZ)IIX Rs
sy - g0
¢ “n .
tBuK;rtBu tBu*tBu tBqutBu tBu.‘ : t
0—(CH2) »— 0\((;;{2)
(46) (43) RG
' )
tBqutBu tBU@
0—(CHy) o — : |
<) wp ey

- 13 -~



(Met hod H)
- 13-

10

15

20

25

[err]

(where A! and A? are each a protective group:; n is an integer
of 3 - 10).

In method A, the reaction for producing the
compounds of formulae (2-1) and (2-2) from the compound of
formula (i) is carried out by adding methanesulfonic acid
to the compound of formula (1) (see J. Org. Chem., 53,
4135, 1988) and t-butanol in a solvent such as chloroform or
dichloromethane at a temperature ranging from -20°C to room
temperature and then stirring the mixture. Cogéé;sion from
formula (2-1) to formula (3) may typically be accomplished
by reduction that involves adding triethylsilane and tri-
fluoroacetic acid to the compound of formula (2-1).

In _faethod B, the reaction for producing the
compound of formula (5) from the compound of formula (4) is
carried out by adding methanesulfonic acid to the compound
of formula (4) (see J. Org. Chem., 53, 4135, 1988) and t-
butanol in a solvent such as chloroform or dichloromethane
at a temperature ranging from -20°C to room temperature and
then stirring the mixture.

| In method C, the reaction for producing the compound

of formula (6) from the compound of formula (1) is carried
out by adding benzyl bromide to the compound of formula (1)
in a solvent such as ether, tetrahydrofuran, N,N-dimethyl-
formamide, N,N-dimethylacetamide or acetone in the presence
of a base such as potassium carbonate, sodium carbonate,
sodium hydroxide or potassium hydroxide at a temperature
of 0 - 50°C and then stirring the mixture. To obtain the

compound of formula (7) from the compound of formula (6),

- 14 -



(where Alerr] and Alerr] are each a protective group; n is an integer

of 3 - 10). In nmethod A the reaction for producing the
conpounds of fornmulae (2-1) and (2-2) fromthe conpound of 5 fornula (1)
is carried out by addi ng nethanesul fonic acid to the conpound of
formula (1) (see J. Og. Chem, 53, 4135, 1988) and t-butanol in a

sol vent such as chl orof orm or di chl oronet hane at a tenperature rangi ng

f - . dth Lyridf he_mi .
Conver ot ofOTPERFCAE™ 18/ RErEorssd)»{HA (o, it Ser 18 TRRSTHH T yobed

i 18 CtREd) vt ) SRS T .
A e L e N R R e - W

oo PP ORI e conbOEREIGE SdOL 8 (Spdatr

conmpound o carrie ng net hanesultonic acid

to the CORBOYAENn trea®bdf Vit 2 h4lo§eRSting Agentien &3 tiilcivy1 1988) and
t- butanol in a solvent such as chl orof orm or di chl or onet hane at .

a tenger atHleriaggbrIthi6AY126E6hLAE O 86 VELEDEN atdIM €nhd dbmpound hen
stirring the mxture. 20 In nmethod C, the reaction for producing

t he conpootidformulaf (9f)owhuth, (fh tuen)the poopessed ods fn nkthdd)Bi S
carried out by addi ng benzyl brom de to the conpound of formula, (1)
in a sol vént yéedl &beethmpoundt ofhydromiilaaOlON, N- di net hyl - f or mam de,
N, N-di met hyl acet ami de or acetone in the presence 25 of a base such as
pot assi um car bon&ePbéaiinuhearbonauad of formuliputdiéydfosmdeher potassi um
hydr oxi de at a tenperature of 0 - 50[err]C and_thengstirring the
m xture. FOmBRURAnofhformula (7), the latter compound is First
10 subjected to the Wittig reaction or the like for transforma-
tion to the compound of formula (1l1), which is then reduced
catalytically to givé the compound of formula (12). The
compound of formula (12) is reduced typically by a reaction
using triethylsilane and trifluorocacetic acid to afford the
15 compound of formula (13) which, in turn, is processed as in
method B to yield the compound of formula (14).
To obtain the compound of formula (49) from
the compound of formula (7), the latter is first reduced
catalytically to afford the compound of formula (48) which,
20 in turn, is processed as in method B to yield the compound
of formula (49).
In method D, the compound of formula (15) is
protected at the phenolic hydroxyl group to afford the
compound of formula (16), which is demethylated typically
25 with trimethylsilyl_iodide to afford the compound of
formula (17). The compound of formula (17) is treated with

an alkenyl halide such as 3-chloro-2-methyl-l-~propene in

a solvent such as tetrahydrofuran, N,N-dimethylformamide,

- 15 -



conmpound of forrmula (7) fromthe conpound of forrmula (6),

- 14 - fornylation is performed with a suitable reagent such
as a Vil snei er reagent. The compound of formula (7) is reduced
catalytically to yield the conmpound of formula (8), which is then
treated with a hal ogenati ng agent such as thionyl 5 <chloride or_thionyl
brom de for conversion to the conpound of formula (9) which,”in turn,
is processed as in nethod B to yield the conpound of fornula (10).

To obt ai nNy Neddapsbyhacetamddaups acayoneohnt Hae preserppvhc® of formul a

(7), the latter conpound is.first 10 subjected to the VVttég,reaction or
the |ike P8=e S4REf 8engedium hydghde, PRAEREZHIBLAHERARFER MFELYR), which

' h duced | yiicall ' he, d f 2
The | GONGBIRTr SRR Rrirorine pE Hotast iR BTSObYee Fotrord
' tri | S ' tjc.agid, fford the .1 d
of T or mul S701 spEARRA"BE ERERIRl RIRT WEaBh 4 N £ ARt )i ol
h d_af , : . ' d of f I
(49) Fomt ~ezrgninens B pepsing, 1n 5 SO1AERE Bbal RS 2 cou ™

catal yti climethy13hiiaide he a2¥BRdNtnel cbRbBUha 6%8%0%%?& (19 In turn,

I's processed as’in nethod B to yield the conpound formuf a (49).

| n et hod wiAidhhtago R0 deproftetedlbs eahilkéd to yRed&eeh8dcahpbhigaphenolic
hydroxyl group to afford the

of formula (20).

S

In method E, the reaction for producing fﬂe

10 compound of formula (25) from the compound of formula (17)
starts with adding an alkenyl halide such as 3-bromo-1-
propene to the compound of formula (17) in a solvent such
as tetrahydrofuran, N,N-dimethylformamide, N,N-dimethyl-
acetamide or acetone in the presence of a base such as

i5 sodium hydride, potassium carbonate, sod;um carbonate,
sodium hydroxide or potassium hydfoxide to afford the
compound of formula (21), which is then subjected to
rearrangement by heating in a solwvent such as N,N-dimethyl-
aniline so that it is transformed to the compound of formula

20 (22). After catalytic reduction, the compound of formula
(22) is processed as in the steps of method D for affording
the compounds of formulae (18), (19) and (20) from the
compound of formula (17), thereby yielding the compounds
of formulae (23), (24) and (25).

25 In method F, the reaction for proddcing the compound
of formula (27) from the compound of formula (22) comprises
dissolving the latter compound in a solvent such as chloro-

form or dichloromethane, allowing a Lewis acid such as boron

- 16 -



compound of formula (16), which is denmethylated typically 25 wth
trimethylsilyl iodide to afford the conpound of formula (17). The
conmpound of forrmula (17) is treated with an al kenyl halide such as
3-chl oro-2- et hyl - 1- propene in a solvent such as tetrahydrofuran,
N, N- di et hyl f or mam de, - 15 -

N, N- di net hyl acet am de or acetone in the presence of a base such as

o ol L EE 21,0l A8 L HRERO A St 2 U soLy IOl 1T

hydr oxi de or po oxrde to a e conpound “of formul a

(18) whi Chafkar&}!ﬁ%tﬁé éb\g%@nﬁcﬁs?f Seotful£ N QN IRN o diRAliypg in a

sol vent such as N, aniline to afford the conpound of formula

(19), dégkéheﬂﬁiméeiﬂe@é 0%@@1&%1@@ ESfpbirRd d© sd@algld heezpnpound
of fornula (20). n method E, the reaction for producing the

10 conpound of foRnMueshé@5E, ftRE +EactOdMm ottt pfodwting acKd 7) starts
w th addi ng an al kenyl halide such as 3-brono-1- propene to the

conpousd otofpoumdact l¥prmula 630 Yyeftomuthe compasnd edf atvyrchioXair @7 ' )
N, N- di et hyl f or mam de, N, N-di net hyl - acetam de or acetone in the _
presence ofomppisessdifsaiving thedlabtéeydeonpounpdtin divdrechbontte, sodi um
car bonat e, sodi um hydr oxi de or potassi um hydroxide to afford the
conpound oPCi8r nEPALEPiy, aGhdcharatimeAcidbpece cilxEure thexeefangenent by
heating inagdiggvgnkyggggyggtﬁgﬁtglgﬁ£g¥é5cetamide to the resulting
solution at 0 - 50°C, preferably at room temper;éure,
10 stirring the mixture to afford the compounds of formulae
(28) and (29), dissolving these compounds in a mixed solvent
system consisting of an organic solvent such as methanol or
ethanol and an acidic aqueous solution such as conc. HC1,
heating the solution to effect hydrolysis. The reaction
15 for converting the compounds of formula (30) into the
compound of formula (31) is carried out by dissolving the
former compound in an acidic aqueous solution, adding
hexamethylenetetramine, and heating the mixture, preferably
dissolving said compound in an aqueous solution of acetic
20 acid, heating the resulting solution under reflux, then
adding an aqueous solution of hydrochloric acid, and heating
the mixture under reflux. The compound of formula (31) is
treated with a Grignard reagent, an organolithium compound
and the like to afford the compound of formula (32) or (33)
25 which, in turn, is dissolved in a solvent such as chloroform
or dichloromethane; a Lewis acid such as boron trifluoride

etherate is allowed to act on the solution to afford the

compound of formula (34), which is optionally deprotected

- 17 -



aniline so that it is transfornmed to the conpound of formula 20 (22).
After catalytic-reduction, the conpound of formula (22) is processed
as in the steps of nethod D for affording t he conpounds of fornmnul ae
(18), (19) and (20) fromthe conmpound of formula (17), thereby

yi el di ng the conpounds of formulae (23), (24) and (25). 25

In nmethod F, the reaction for producing the conpound of forntila (27)

fromthe cggpgngdokhgoEgﬁbguﬁabecggpﬁh§gs(35) di ssolving the latter
conmpound in a sol vent such as chl oro- form or dichl oronet hane,

allowing a Lew s 3@ thektiod AS RkBEOReaction for producing the -
16 - trifluoride etherate to act on the solution, thereby

af f or di ng compowndo wifd fofrmudam(Ba )( Z&pm a&hd opmponnfll gf formddpr 68B64ting it
to yield the conpound of fornula (27). In method G the
reaction deEQr@@@m-n@emhe 189,c3596uA848f (R87Aul aig3pprepomeahBycompound
of fornula;; conprises dissolving the |atter conpound in

hydr ocht or igdlowinga @ Fedygingr pgeadi guchcasi sodévp bprahifixideetehaesof

addi ng N hydr oxynet hyl - 2- chl or oacetam de to the resulting solution at -
0 - 50C, pro&t éﬁ%l%?"@@%mtgﬁﬁé‘ﬁ%@ur(éﬁ)-lo%’t SRLPRGLIVRePRPXEGEAOPo afford

e oo St et S o ARG BB
oLl et S RS BSOS U ohEleds 97 1O

formulae (38) and (39) and then the compound of -formula (40)

10 are produced. The compound of formula (40) is treated with
an alkyl halide, an alkenyl halide or an alkynyl halide in a
solvent such as tetréhydrofuran, N,N-dimethylformamide, N,N-
dimethylacetamide or acetone iﬁ the presence of a base such
as sodium hydride, potassium carbonate, sodium carbonate,

15 sodiqm hydroxide or-potassium hydroxide to afford the
cbmpound of formula (41), which is optidnally deprotécted
to yield the compound of formula (42).

To produce the compounds of formulae (44) and (47), a

halide such as 1,3-dibromopropane or l-bromo-3-chloropropane

20 1is first allowed to act on the compound of formula (40) in a
solvent such as tetrahydrofuran, N,N-dimethylformamide, N,N-
dimethylacetamide or acetone in the presence of a base such
as sodium hydride, potassium carbonate, sodium carbonate,
sodium hydroxide or potassium hydroxide and, thereafter,

25 a treatment is performed in the same way as employed to
obtain the compound of formula (41) from the compound of
formula (40), whereby the compounds of formulae (43) and

(46) are obtained. These compounds are optionally

-~ 18 -



15 for converting the conpounds of fornmula (30) into the conmpound of
formula (31) is carried out by dissolving the former conpound in an
aci di ¢ aqueous sol ution, adding hexanet hyl enet etram ne, and heating
the m xture, preferably -di ssol ving said conmpound in an aqueous
solution of acetic 20 acid, heating the resulting solution under reflux,

t hen addi ng an aqueous sol ution of hydrochloric acid, and heat’ing

the mi xt urgepriescte] |46 yiB1R1 aHe ddibRind00R fRrmtl)ad 44) ardd eated with
a Gignard reagent, an organolithium conpound and the like to afford

t he conpouml? pf Fexpadwivedd). or (33) 25 which, in turn, is dissolved in a
sol vent such as chloroform or dichl oromethane; a Lew s acid such as
boron trifluoridehe foldwirat etasst aldsmeed Nas.adt -0r6 )t leeres glnavigied o af f or d
t he conmpound of forrmula (34), which is optionally deprotected

- 17 - for the purpgssgaf denansisgidna Wt dgheulepqesynds of the I n
met hod _H, the reaction for producing the conpound of formula (37) from
t he cofpoulRVRATIRR M FuRpTL as highlyomeheqidve apgdoxigipntess g (1976)]

is perforned by al | owi ng. a reduci ng agent such sodi um borohydride to
act on the ¢ o‘EmEP‘b‘f’%?%r‘fRéj%F ("S%t. %é%&q%a?"fﬁ:ot ection and
deprotection of either one of the two phenolic hydroxyl groups i.n the
conmpound of forrmula (37), the conpounds of formul ae (38) and (39) and

then the conpound of formula (40) 10 are produced. The conpound of
formula (40) is treated with

-~

10
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an al kyl halide, an al kenyl halide or an al kynyl halide in a sol vent

such as tetrahydrofuran, N, N-di nethylformam de, N N di nmet hyl acet am de
or acetone in the presence of a base such as sodi um hydri de, potassium
carbonat e, sodium carbonate, 15 sodium hydroxide or potassium hydroxide
to afford the compound of fornula (41), which is optionally

deprot ect ed to yield the conmpound of formula (42). " To
produce the conpounds of fornulae (44) and (47), a hal i de such as

1, 3- di br onopr opane or 1-brono- 3- chl oropropane 20 is first allowed to act
on the conmpound of fornmula (40) in a sol vent such as tetrahydrofuran,

N, N- di net hyl f or mam de, N, N dlnethylacetanﬂﬂb or acetone in the
presence of a base such as sodi um ri de,| potassi um carbonate, sodium
car bonat e, sodiun1hydroxide or potassiNpydoxi de and, thereafter,

25 a treatnment is perd Q%the same way bl oyedjto obtain the
conpound of formula (41 romthe conpound 0 formula (40), whereby

t he conpounds of fornulae (43) and téﬁw \ o ped. These conpounds
are optionally '

deprotected to yield the conpounds of fornulae {gi#f) and (47),
respectively. ' The followi ng test cages (Nos. 1 - 6) are .

provi ded for the purpose of denonstHht

at t he conpounds of the -5

invention are superb as highly sel ective anty The

conpounds under test vieorpeind d | ows:

tBu

tBu
HO
Compound c Ne
’ tBu . e
tBu
HO
Compound & £t
tBu o \gt
tBu
' HO
Compound e n-Pr
tB
¢ 0 n-Pr
' tBu
HO
, Compound £
n-Bu
tBu: i :0: :n-Bu
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[err]

Compound g

Compound h

Compound i

Compound j

Compound k

Compound 1

: tBu
HO : f
tBu n-Oct
tBu
HO
o’

tBu X ~N '..tBu

tBu
HO
| i-Pr
tBu 7 i-Pr
tBu
HO
7

] 0///L<:Ph
tBu X ~ Ph

tBu
HO
Ph
tBu Ph

tBu

HO : f
tBu 0 Cl
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Compound

Compound

Compound

Compound

Compound

Compound

" HO

tBu

HO
tBu 0
tBu
HO
tBu 0
tBu ;

g

tBu
tBu

HO

tBu 0
tBu

HO

tBu

¥

n

tBu
HO

&

tBu
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[err]

tBu
HO
Compound s
tBu 0
tBu
HO
Compound t
. tBu
HO
Compound u
Il tBu . 0/\/
Ke
tBu
HO
Compound v _
tBu
Ke
tBu tBu
Compound w
tBu 0N
tBu
Me Me
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[err] -

Compound x

Compound y

Compound z

Compound a

tBu
HO
tBu 0
tBu
HO
tBu
tBu
HO
tBu
tBu

HO

tBu
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[err]

Comparative Compound 1

Comparative Compound 2

Comparative Compound 3

Comparative Compound 4

Comparative Compound 5

- 25 -
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HO
0H

HO
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tBu

HO
0
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23 - [err]

tBu
HO
Comparative Compound 6
tBu
tBu
HO

Comparative Compound 7 .

[Test Case’l] Amount of TBARS
Rabbit LDL was prepared in accordance with the method
of Havel et al. [Havel, R.J. et al., J. Clin. Invest., 34,
1345 (1955)]. After adding 5 uM of Cu®*', the mixture was
5 warmed until a thiobarbituric acid reactive substance
(TBARS) was produced. The test compounds were evaluated for

their anti-oxidative action with the amount of TBARS being

used as an index.

TBARS produced =

TBARS produced when sample was added

10 TBARS produced in solvent

x 100 (%)

The results are shown in Table 1.

- 26 -



- 24 - , [err] Conpar ati ve Conpound 3
HO Conparative Conpound 4 ;

Table 1
TBARS produced (%)
Compound | a¢ 10*M of | at 10°M of
| compound compound J
a 52.2 10.3
b 53.8 8.9
c 55.3 9.2
d 76.9 9.4
e 86.3 13.5
£ 81.6 12.2
g 82.6 8.8 '
h 74.0 10.6
i 90.8 10.3
3 93.1 11.6
| K 93.0 11.1
1 11.5 8.1
m 85.3 11.8
n 76.2 15.6
o 91.2 9.0
P 91.8 22.0
a 97.4 56.8
T 74.2 30.1
S 75.7 39.2
t 81.7 68.0
u 87.7 47.3
v 99.3 80.3
W 71.3 17.2
x 86.3 42.1
Y 85.4 72.3
z 77.5 22.9

[Test Case 2] Effect Against Lipid Peroxidation by

Autoxidation of Linoleic Acid

- 27 -



- 25 - [err] Conpar ati ve Conpound 6

Conpar ati ve Conpound 7 [ Test Case 1] Ampount of TBARS
Rabbit LDL was prepared in accordance with the nethod of Havel et al.
[Havel, R J. et al., J. din. Invest., 34, 1345 (1955)]. After adding

5 [err]Mof CUerr], the m xture was

Using a cypridina luciferin analog (2-methyl-6-
(p-methoxyphenyl)-3,7-dihydroimidazo(l,2~alpyrazin-3-one:
MCLA) as a sensitizer for lipid peroxyl radicals, the test
compounds were evaluated for their inhibitory effect against

5 the generation of lipid peroxyl radicals by autoxidation of
linoleic acid. A n-butanol solution (0.5 ml) containing
MCLA (0.2 pM).and linoleic acid (10 mM) was used in a
chemiluminescence measuring vial and the intensity of
chemiluminescence due to the autoxidation of lipéleic acid

10 was measured in a thermostatic bath at 37°C.

MCLA =

Change in chemiluminescence intensity

’ when sample was added
Change in chemiluminescence intensity

when solvent was added

x 100(%)

The results are shown in Table 2.
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5 warnmed until a thiobarbituric acid reactive substance (TBARS) was
produced. The test conpounds were eval uated for their anti-oxidative
action with the amount of TBARS bei ng used as an i ndex. TBARS
produced = 10 TBARS produced when sanple was added x 100 (%
TBARS produced in sol vent The results are shown in Table 1
- 26 - Table 1 v
TBARS produced (% . Conpound at 10[err]Mof at 10[err] M of
conpound conpound 52.2 10. 3
53.8 8.9 Table 2, 55. 3 9.2
76.9 9z g 56?ﬁ| 13.5
81.6 12.2 MC (%) 82.6 8.8
74.0 COT%Ognd at 2 x 10°M | at 2 x 1 10.3

93.1 0 11.1
11 5 P of compound of compo é 11 8
91.2

76. 2 1546 9.0
91.8

a

21 D
24
18
36
23
39
31
33
72
66
55
24
24
23
26
44
11
97 68
78 36
93 41
83 30
101 15
35
13
16
10
13
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BN OHE NN

[Test Case 3] Effect Against Fluorescence Generation of

Rabbit LDL by AAPH
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q 97. 4 56. 8 r 74. 2 30.1
S 75.7 39.2 t 81.7 68. 0
u 87.7 47. 3 % 99. 3 80.3
w 71.3 17.2 X 96. 3 42.1
y 85.4 72.3 z 77.5 22.9 [ Test
Case 2] Effect Against Lipid Peroxidation by Aut oxi dat i on of

Linoleic Acid Using 2,2'-azobis(2-aminodipropazé Yhydrochloride

Using a cypridina luciferin anal og (2-nethyl-6-

( p- met hox y(Areaty) )wiBich ovdsy gy cradictsado [ihidiayoyr £om-a3-ldpdd peroxiildlak) as a
sensitizer for lipid peroxyl radicals, the test conpounds were

eval uat ed fign tthat washingt aedisftfest tbyagaitisre oxygeme [geseSatticon Kof | pi d
peroxyl radicals by autoxidation of | i nol eic acid. A n-butanol

sol ution (¥t 53¥) aifioghen. Bigghys-0. 279v) 497 (1i9%9@)di.c the desto m\V)
was used in a chem | um nescence neasuring vial and the intensity of
chemi | uni RARRANAS HETFS) FRFuAfisskiivR idieist InAidiarvagffecty agpdast
measured ip a thernostatic bath at, 37[err].C A =

Change in ’Lc]%‘écﬂﬁ?iﬁﬁ’h%%c%%%r%ﬁ%s’i’{ Hgde ron. Ra%gf}t e aSanpl e was

\z/imdgﬁdsol v e% e%\aaée&aglgyé?écordance with%@%éﬂm@%? lﬁé@e&e%@%ﬁ.,i rg.%n_si ty
et al., J. Clin. Invest., 34, 1345 (1955)]; after addition
of AAPH (2 mM), the mixture was warmed at 37°C f%r 24 h and
10 LDL fraction was separated by gel-permeation chromatography.
The fluorescence intensity of LDL fraction was measured by

fluorometry at an excitation wavelength.of 360 nm and at

an emission wavelength of 430 nm.

AAPH =

Fluorescence intensity of LDL fraction

15 when sample was added
Fluorescence intensity of LDL fraction

when solvent was added

x 100 (%)

The results are shown in Table 3.
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The results are shown in Table 2.

- 28 -
MCLA (99

Table 2
Compound at 2 x 10[err]Mat 2 x 10[err] M
21

of conpound of conpound - a

SkRrT oSO T

24
36
39
33
66 10 Table k3
24
23

c 18

e 23

31

[ 72
55 4

24

26

WWN N
«Q

17
16
49
42
63
66
42
27

65
45
46
31
70
85
78
72
-39
31
84

K X £ & £ 0 00 B R @ +pDpaiho oo

The results of Test Cases 1 - 3 obviously show that
the tested compounds of the invention had an excellent anti-
oxidative activity. The active oxygen induced by Cu® in
the TBARS experimental model in Test Case 1 is believed
to be a direct radical initiator, so even a water-soluble
active oxygen scavenger will‘be effective in that model.

It should, however, be stressed that the tested compounds
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X< =0T

44 3 q 11 1
97 ' 68 'S 78 36
93 41 u 83 30
101 15 w 35 2
13 2 y 16 1

z 10 2 a 13 “ 4

(Test Case & Hid dgivengdions alsloupresednte Generffecaivel in the AAPH

Rabbit LDL by AAPH ‘ - 29-

Usi ng 2, 2' -4&iag sﬁ(@mﬂmé\d{m) HydTestt Geis¢e 3 and, ( AARER, whitch was a

radical initiator for a |ipid peroxida- tion that was not nedi ated by
active oxyREFFREIR[D that thosescompoundscialse superesBedpiipe. chain 402

(1990)], the test 5 npounds were eval uated for their inhibitory effect
agai nst Te3F I gé‘ é*%HQG$§§q+°WhE¥ﬁ% tepearRepFentBE efas

B | AT A B G PSS e
' 7 24 t
LT e At R e T e
fraction WasBamiebkne 1ndHABThc, UrA019%E LakiOBMAELgR0t h of

360 nm and at an em ssi on wavel engt
Fl uor escencgctivedsid o dddladuids! I 1ipid peroxidation.

[Test Case 4] Effect Against Linoleic Acid-MCL&QSystem'
10 The test compounds were evaluated for their
inhibitory effect against lipid peroxidation due to the

autoxidation of linoleic acid.

Linoleic acid 10 mM
MCLA 2 pM
15 1-Butanol solution

A reaction solption was prepared by mixing linoleic
acid and MCLA (2-methyl-6-(p-methoxyphenyl)-3,7-dihydro-
imidazo[l,2-alpyrazin-3-one) in l-butanol and stored in ice
until use. An amount of this reaction solution was sampled

20 in a chemiluminescence measuring cell and, immediately
thereafter, the intensity of chemiluminescence due to the
autoxidation of linoleic acid was measured at 37°C in a
thermostatic bath. A normal chemiluminescence intensity
measurement was conducted about 2 - 4 min later when the

25 chemiluminescence substantially peaked. The results are

shown in Table 4.
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15 when sanpl e was added x 100 (%9

Fl uorescence intensity of LDL fraction _ when sol vent was
added The results are shown in Table 3.
- 30 - ' Table 3
AAPH (9% at 10[err] M Conpound of conpound
a 8 b 17
c 16 ; d 49
e 42 : Tdble 4 63
g 66 . a]
i 27 50% inhibitio
k 65 Compound cHhcentration (
n 46
p 70 Comparison 1 62
2 54
3 54
4 42
5 41
6 19
7 7 .
h 9
C 7
a 7
q 5
) £ 8
m 7
n 9
X 5
z 6

The data in Table 4 show that the compounds
having higher hydrophobicity in both ortho-positions of
the phenolic hydroxyl group had a particularly high anti-
oxidative activity.
5 [Test Case 5] Effect Against Xanthine Oxidase System
(Superoxide Generating System)
The test compounds were evaluated under the following
conditions for their effect in a reaction due to a xanthine

oxidase (XOD)-hypoxanthine (HX) system in aqueous solution.

10

- 33 -



t 85 u 78

v 72 w 39

K 31 y 84 The
results of Test Cases 1 - 3 obviously show that the tested conpounds of
the invention had an excellent anti- oxi dative activity. The active
oxygen induced by Cu[err] in t he TBARS experinental nodel in Téest Case
1is believed 5 to bkaatHinecotxiddseal initiator, so eved.h Wankr-sol uble
active oxygen scavenger will be effective in that nodel. It shoul d,
however, be stressed Hypoxahthineted conpounds 400 uM

- 31 - of the invention also proved to be effective in the
AAPH usi ng exper FHEBAPAL nodel in Test Case 3 and, h&@€e, Bl

becanme clear that those conpounds al so suppressed the chain reaction
for lipid peroxidatioﬁeaﬁ§nBBf€§Fb§ﬁlEEﬁ?€réHH B-£adi cal °Qnhi ¥4 coul d not
be i nhibited by water-soluble active oxygen scavengers. This fact
suggests. that the o und f the_ invention.show effective

oty oxiHat ve | » EEPEASR RETpEiShi Har! BROBPORA PR BEF6REdar  on.

[Test Case fl, BhbaGh:ALAY! 16hIALE Gn thd: NEbASSREREE {Biution | ThE test

conmpounds we eval uat ed I'n ry e against lipid
peroxi dat i ogndugthelin@n ice @HEPXA daklonatteli RALRIAgGAEHE: reaction
solution ét 37°C for about 10 min, the reactiog was started
by addition of the xanthine oxidase solution."A measurement
10 was started right after the addition of xanthine oxidase
and subsequent stirring; chemiluminescence ihtensity was
normally measured right after the start of the reaction. In
the exper;mental model, luminol-dependent chemiluminescence
induced by superoxide generated by enzymatic reaction of
15 =xanthine oxidase was detected, thus enabling the measurement

of the reactivity with superoxide. The results are shown in

Table 5.
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Linoleic acid 10 mM

2 [err]M 15 1- But anol sol ution
solution was prepared by mxing linoleic acid and MCLA

(2- met hyl - 6- (p- met hoxyphenyl ) - 3, 7- di hydr o-

I m dazo[ 1, 2- a] pyrazin-3-one) in 1-butanol and stored in ice until use.
An amount of this reaction solution was sanpled .20 in a chem | um rescence
measuring cell and, imrediately thereafter, the intensity of

chem | um nescence due to the aut@§£g3tgon of linoleic acid was
measured at 37[err] C_i thernpstatic bath A _nhor

MCLA
A reaction

chem | um nescence irftensity neasur enment mas.conducted afgput 2 - 4 mn
| ater when the 25 dhenil uninescerice su%%?ﬁ?%?%?ﬁgfﬁ%% ®d.. THe results are
shown in Table 4. Compound intensity ( =08 rolds
Tabl e 4 | at 20 M58% | abi bobi gn of_L
Conpound concentrfation ([err]M| compound compéqQngarijgon 1
22 54 Comparison 1 23.94 .3
? 4% 2 32.7 12
5 21.9 8.2
6 31.9 24.0
7 55.8 17.5 .
g 88.6 104.8
a 41.8 26.1
£ 91.0 102.4
m 83.1 89.8
H, n 100.3 104.9
b4 84.5 85.6
Y 94.2 110.2
z 99.2 107.5

[Test Case 6] Effect Against Lactoperoxidase System (Singlet
Oxygen System)
The test compounds were evaluated under the following

conditions for their effect against a lactoperoxidase

5 reaction system.

Lactoperoxidase 10 pg/ml
H,0, 0.1%
NaBr 20 mM
Luminol 400 pM

10 Acetate buffer solution (pH 4.5) 100 uM
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o 7
g 5
m ' 7
5 z
6 The data in Table 4 show that the conpounds havi ng
hi gher hydrophobicity in both ortho-positions of t he phenol i c*hydroxyl

group had a partigutaddys i Whrntd I{iotdd/ AR IMIdg hydrodetest Case
5] Effect Agai nst Xanthllne X dasleonSyv!s%seang ¥ g/ by Supdeer oxi de

Gener at i Ngp&YSk£dd, sodium bromidte R LGHIAMUNGS SHRY %d@dﬂﬂ@&ﬁﬁ‘fﬂé}ﬂer t he
fol | owi ng conditions for their effect in a reaction due to a xanthine
oxi dase (>R utydrxamd e terddDdn sisd amtil ageouA St twarningl khe

33 - Xant hi ne oxi dase 0.1 Um
proxanthlneactlon solution at 37°C4fifx dlyufd MO min, the reactiwm nol
400 [err]M Hepes buffer solution (pH 7.4) 100 [err]M
5 5 yaseatarbed sy iadditien of cphe chatoprsdsiglase sdlyyiobadt hi ne and
| um nol -in the Hepes buffer solution

A measurement was started right after the addition of

h
a
f

n

O o~

lactoperoxidase and subsequent stirring; chemiluminescence’
intensity was measured right after the.start of the
reaction. In the experimental model, luminol—dg%endent

10 chemiluminescence induced by singlet oxygen generated by
enzymatic reaction of lactoperoxidase was detected, thus

enabling the measurement of the reactivity with singlet

oxygen. .
Table 6
r .
Chemiluminescence 3
intensity (% of control)
Compound
at 20 pM of at 200 uM
| compound of compound i
m
Comparison 1 77.6 6.0
2 82.1 15.1
5 95.3 4.5
6 105.8 8.1
7 86.2 0.8
g 97.0 76.0
a 94.5 56.6
q 104.0 73.4

The results of Test Cases 5 and 6 obviously show
15 that the compounds having high hydrophobicity in both ortho-

positions of the phenolic hydroxyl group had low reactivity
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and stored in ice until use. After warm ng the reaction sol ution at
37[err] C for about 10 mn, the reaction was started by addition of the
xant hi ne oxi dase solution. A nmeasurenment 10 was started right after the
addi ti on of xanthi ne oxi dase and subsequent stirring;

chem [ um nescence intensity was normal Iy neasured right after the
start of the reaction. In t he experi nental nDdeI | um nol - depéendent

chem | um NeSLERACEo-calldd AL, d Yo SRS pdle: §ie :%Fd'miéé? and

reaction of 15 xanthine oxi dase was det ect ed, thus enabllng t he
nMeasur enent single®f okfiger eact t Vétiguld tﬁaﬁtwimnke bd heerieisndd et shown

52 - Tab;g Eﬁe system for reaction with singldubbeyden, the test )

compounds of the invention which had two t-butyl groups in

5 both ortho-positions of the phenolic hydroxyl group had a
particularly low reactivity even compared with the compound
(Comparative Compound 7) ha&ing a sec-butyl group in one
of the two ortho-positions. This shows that compared to
the conventional antioxidants described in Jagéﬁese Patent

10 Public Disclosure (kokai) No. Hei 2-121975 and other prior
patents, the compounds of the invention have a markedly high
selectivity in the inhibitory action of lipid peroxidation,
as evideneed by the fact that the compounds of the invention
react in a particularly efficient manner with those fadical

15 species which are responsible for the lipid peroxidation
while there are many free radical species in oxidation.
[Examples]

The following examples are provided for the purpose

of further illustrating the invention but are in no way to

20 be taken as limiting.

[Example 1]

Synthesis of 2,4,6-Tri-tert-Butyl-5-Hydroxybenzofuran
(Compound t) and 4, 6-Di-tert-Butyl-5-Hydroxybenzofuran
(Compound r)
25 Methanesulfonic acid (140 ml) was added dropwise,
under ice cooling, to a solution consisting of 4-tert-
butyl-5-hydroxybenzofuran [J. Org. Chem., 53, 4135 (1988);

35 g, 0.18 mol], tert-butyl alcohol (70 g, 0.84 mol) and
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Chem | um nescence intensity (% of control)

Conmpound at 20 [err]Mof at 200 [err] M of
conmpound conpound Conparison 1 23.9 6.3

2 32.7 3.2 - 5 21.9

8.2 ' 6 31.9 24.0

7 55.8 17.5 g 88. 6

104.8 chloroform. (50 m¥). After stdikrng at 0°C &rl 20 min,

f 91.0 102. 4 m 83.1

89.8 the mixture was I'poured into lHe Jater. SubBkdhently,

X 84.5 85.6 y 94. 2

110. 2 the mixture was meutralized WX an aqueoukD&ddlution of [ Test Case

6] Effect Agai nst Lactoperoxi dase System (Singl et

Oxygen SystRnpjodium hydroxidéeandssulzigmpraddn eettrantiamteidhumidy he
fol |l owing conditions for their effect against a | actoperoxidase 5
reaction sSeeeate. The extracted Jawge R dieshed with a saturated 10

err]g/m H er rr 0. 1%
kaBr]g agueous solutioi oé]égéiuA hydrpgen carbonate, drigq n0|0

Elg(r)r] '[VIer r]ol\ﬂve:::L Oanhydroué mé&:?ééi{x?m bsuxﬁfa{tes,maurgé g.gotgcpel_r'utélra@ed. The:L 00.
concentrate was purified by silica gel chromatography (n-
hexane) to afford 2,4,6-tri-tert—butyl—5-hydroxy%enzofuran

10 [10.87 g (yield, 20%)]. Also obtained, though in low yield,
was 4,6-di-tert-butyl-5-hydroxybenzofuran.
2,4,6-Tri-tert-butyl-5-hydroxybenzofuran
m.p. #115.5°C (fine-grained, pale yellow crystal)
Mass 302(M"), 287, 57
15 'H NMR (60MHz, CDCl,)
5 ppm 1.33(s,9H), 1.47(s,9H), 1.62(s,9H), 5.06(s,1H),
6.58(s,1H), 7.29(s,1H)
IR (cm™) 3641, 2969
4,6-Di-tert-butyl-5-hydroxybenzofuran
20 m.p. ©60.3°C (fine-grained, pale yellow crystal)
Mass 246(M"), 231, 57
'H NMR (60MHz, CDCl,)
& ppm 1.49(s,9H), 1.62(s,9H), 5.11(s,1H),
7.02(4,1H,J=2.4Hz), 7.35(s,1lH),
25 7.43(4, 1H, J=2.4Hz)

IR (cm™) 3648, 2960
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A reaction solution was prepared by m xi ng hydrogen per oxi de, sodi um
brom de and lum nol in the acetate buffer solution and stored in ice
until use. After warm ng the reaction solution at 37[err] C for about
10 min, the reaction 5 was started by addition of the |actoperoxidase
sol ution. A neasurenent was started ri ght after the addition of

| act oper oxi dase and subsequent stirring; chem | um nescence intensity
was neasureegﬁéﬁﬁi jer the start of the reaction. In the
experinment a “ um nol - dependent 10 chem | um nescence i nduced by

si ngl et OXygensgﬁ@ﬁégigdobyz,4Fs-@ﬁiyﬂa%ECBﬁgfyl$£ﬂy@&oif£2ggfroxidase was
detected, thus enabl1ng the neasurenent of the reactivity with singlet
oxygen. Dihydrobenzofuran (CompoundThble 6

Chem | um nescence intensity.(% of control)
Conpound Triethylsilane (76 mhk}l W [sldddMidf 2, 6200 {tmzrg-M
conpound of conpound Cbnparison 1 77.6 6.0
2 82 1butyl-5 nzﬁgpxybenzofuran (24.7 g, 82 mmpl) andsk@ifluoro- 4.5
6 105. 8 8. 86. 2 0.8
g aggtic acid (3&511?9) was added dropw:.se tca ’che nixturegumgler

56. 6 . The
resul ts of ’f@%tc@%§%§95 a’FEeGm’deB%s“l’?s sﬁwrﬁ% ‘Tll'l%ﬁt tah% Q:cﬁnﬁﬂ}ﬁds havi ng

i gh Iy opIEblCh Y ko 2L - L Mamperac RS’ £S5 Hud Mo RIS Sud I 04!

poured into ice water. The mixture was neutrquzed with
10 an aqueous solution of 1N sodium hydroxide and subjected
to extraction with ethyl acetate. The extracted layer
was washed with a saturated aqueous solution of sodium
hydrogen ¢arbonate, dried over anhydrous magnesium sulfate
and concentrated. The concentrate was purified by silica
15 gel chromatography (chloroform) to afford 2,4,6-tri-tert—
butyl-5-hydroxy-2,3-dihydrobenzofuran [19.0 g (yield, 76%)].
| m.p 81.4°C
(whife needle; recrystallized from n-hexane)
Mass 304(M*), 289, 57
20 'H NMR (60MHz, CDC1,)
é ppm 0.97(s,9H), 1.40(s,9H), 1.50(s,9H),
3.22(4d,2H,J=8.0Hz, J=11.0Hz),
4.24(4d, 1H,J=8.0Hz, J=11.0Hz), 4.66(s,1H),
6.67(s,1H)

25 IR (cm™) 3669, 2973
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with so-called active oxygen speci es such as superoxi des and si ngl et
oxygen. It should particularly be nentioned that in the systemfor
reaction with singlet oxygen, the test conmpounds of the invention

whi ch had two t-butyl groups in 5 both ortho-positions of the phenolic
hydr oxyl group had a particularly low reactivity even conpared with

t he conpound (Conpar ati ve Conpound 7) having a sec-butyl grolup in one
of the two Péﬁgﬁ?fg$§}ions. This shows that conpared to t he

conventi onal anti oxi dants descri bed in Japanese Patent 10 Public

Di scl osure (kokginknbassHeir 3- 823978 AR0RQLPELS Pl Foxy-2 Batents, the
conpounds of the Tnventron have a narkedly hrgh selectivity in the

i nhi bitory act pafvairobepzefaebaXidahbélind a) as evidenced by the fact that
t he conpounds of t%e I nvent 1 on react 1n a particularly efficient

manner W th those mathanésulfosipecaesd WiLE mBb) evase spubied dmodwitsd he | i pid
per oxi dati on while there are many free radical species in oxidation.

[ Exanpl 6s] under ice codhiéng ol towk nsplbxtigrh esonsispingy iae ddfert-Hautyrkpose
of further illustrating the invention but are in no way to 20 be taken as .
limiting. S-hydrex#ndld-dihydrobenzofymmebys @fg. Chem., 53, 4135

2,4,6-Tri-tert-Butyl-5-Hydroxybenzof uran (Conpound t) and
4 601 -tert (BIBGD: 521PAr bxybarBBP L] anter t-butyl @HARRANA 1) 925120

Vet hanesul o ¢ acid (A4 1) ar U] O ORULSS, e ndrod gecooling.
Chem . 53, 41334h1%b mixvurd®ule JodfedPlhcot £50°RutHL ¥ FROOhLAL0:6
10 was neutrglized with an agqueous solution of 1N sodium

hydroxide and sﬁbjected to extraction with ethyl acetate.
The extracted layer was washed with a saturated aqueous
solution ©f sodium hydrogen carbonate, dried over anhydrous
magnesium sulfate and concentrated. The concentrate was
15 purified by silica gel chromafography (n-hexane) to afford
4,6—di—tert-butyl—s—hydroxy—z,3—dihydrobenzofuran [210 mg
(yield, 6%)].
m.p. 113.4°C (colorless, fine-grained crystal;
recrystallized from n-hexane)
20 Mass 248(M*), 233, 191, 57
'H NMR (60MHz, CDCL,)
& ppm  1.42(s,9H), 1.50(s,9H), 3.40(t,2H,J=8.0Hz),
4.37(t,2H,J=8.0Hz), 4.72(s,1H), 6.68(s,6 1H)
IR (cm™) 3623, 2969
25 [Referencg Example 1]
Synthesis of S5-Benzyloxy-4-tert-Butylbenzofuran
4-tert-butyl-5-hydroxybenzofuran [J. Org. Chem.,

53, 4135 (1988); 40 g, 0.21 mol], benzyl bromide (43 g,
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- 37 - chloroform (50 m). After stirring at O[err]C for 20
mn, the m xture was poured into ice water. Subsequently, t he

m xture was neutralized with an aqueous sol ution of 1N sodi um

hydr oxi de and subjected to extraction with ethyl 5 acetate. The
extracted | ayer was washed with a saturated aqueous sol ution of sodi um
hydr ogen car bonate, dried over anhydrous magnesi um sul fate, and

concentrat egl. ,dheo1). an&%%ﬁ{ng é??;g?%[ﬂef ey Sild A Wl1) were

chr omat ogr aphy n-
2,4,6-tri -t@{és@wé{a £n Ny dé fﬂ&ﬁ{ammi/ajésé (206 -1 qar(d'i@{éiso&Q%:']on_

Also obt ai ned, though in Iom/ylel

4, 6-di -tertwb@tgtxﬁrmckﬂwmmﬂe%‘hture for 24 h. After distilling
2,4,6-Tri-tert-butyl-5-hydroxybenzof uran m p. 115. 5[err] C

(fine-grai neflf plad eNyntdiwe thylficrnamide urdss vacuunB02(dfear fgs fdad 57
15 [err]H NMR (60MHz, CDCl[err]) [err] ppm 1.33(s, 9H)

1.47(s, 9H) ,tq. B¢ st@$idus. 8] stHadmixture was subjectei 58{ sxtdacticiod(s, 1H)
IR (cnferr]) 3641, 2969 4,6-Di -tert-butyl-5-hydroxybenzofuran 20
m p. 60. SWQ?hn%t}Qth Wta%J e 'VEQ |lexFragkad|)ayer was washed with
246(Merr]), 231, 57 _ [err]H NMR (60MHz, CDCl[err]) [err] ppm
1.49(s, 9H) , a158buEatef agueqys sgjution of sodium hydrodgen Eamhopateny)
7.35(s, 1H), .
'dried over anhydrous magnesium sulfate and concentrated.
The concentrate was purified by silica gel chrﬁﬁatography
10 (10% ethyl acetate in n-hexane) to afford S-benzyloxy-4-
tert-butylbenzofuran [49.1 g (yield, 83%)].
Mass 280(M"), 224, 189, 161, 91
'H NMR (60MHz, CDCl,)
& ppm 1.57(s,9H), 5.06(s,2H), 6.86-7.43(m,9H)
15 [Reference Example 2]

Synthesis of 5-Benzyloxy-4-tert-Butyl-2-Formylbenzofuran

Phosphorus oxychloride (26.2 ml, 0.29 mol) was added
dropwise to N,N-dimethylformamide (17 ml, 0.22 mol) under
ice cooling; subsequently, a solution of S5-benzyloxy-4-tert-

20 butylbenzofuran (40 g, 0.14 mol) in N,N-dimethylformamide
(10 ml) was added dropwise. The mixture was stirred first
at room temperature for 20 min, then under heating at 80°C
for 2 h. After cooling, the reaction mixture was poured
into water and extracted with ethyl acetate. The extracted

25 layer was washed with a saturated aqueous solution of sodium
hydrogen carbonate and water, dried over anhydrous magnesium
sulfate aﬁd concentrated. The concentrate was purified by

silica gel chromatography (10% ethyl acetate in n-hexane) to
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25 7.43(d, 1H, J=2. 4Hz) IR (cnferr]) 3648, 2960

- 38 - [ Exanpl e 2] Synt hesi s of
2,4,6-Tri-tert-Butyl-5-Hydroxy-2, 3- Di hydr obenzof uran ( Conmpound h)
Triethylsilane (76 m) was added to 2,4,6-tri-tert- 5

but yl - 5- hydr oxybenzofuran (24.7 g, 82 mmol) and trifl uoro- acetic acid
(38 M) was added dropwi se to the m xture under I ce cooling. The

M xture wegsfotd r Bcbéniploty- 4| e d-GuF1-2- forkdy IBehzdfiaramt [ 1O.@Ng
tenperature for 15 mn before it was poured into ice water. The

m xture wagybeldy aBékep. with 10 an aqueous solution of 1IN sodium

hydr oxi de and subj ect ed to extraction with ethyl acetate. The
extracted |laypr WBS. Weshed with a saturated aqueous sol ution of sodi um
" hydrogen carbonate, dried over anhydrous nmagnesium sulfate and
concent r at e¥asFhe cond@PtM'ateas purified by silica 15 ge

chromat ogr aphy (chl or of or to afford 2,4,6-tri-tert-

butyl-§-hydﬁb ,QQQMq%yd Yof uran [19.0 g (yield, 76%]. mp

et ppper 1 - 55te. U9 D00 ARGl 21
7.92(s,1H), 9.76(s,1H) :

[Referénce Example 3]

Synthesis of 4-tert-Butyl-5-Hydroxy-2-H droxymethyl-2 3-
10 Dihydrobenzofuran
5-Benzyloxy-4-tert-butyl-2-formylbenzofuran (5.0 g,
16 mmol) was dissolved in a 25:1 mixed solution (260 ml)
of ethyl aeetate and acetic acid. After adding 10% Pd on
carbon (5.0 g), the solution was stirred under a hydrogen
15 atmosphere for 48 h. After filtering off the P4 on carbon,
the filtrate was washed with a saturated aqueous solution of
_sodium hydrogen carbonate, dried over anhydrous magnesium
sulfate and concentrated. The concentrate was subjected to
silica gel chromatography and eluted with a solvent system
20 consisting of a 4:1 mixture of hexane and ethyl acetate to
afford 4-tert-butyl-5-hydroxy-2-hydroxymethyl-2,3-dihydro-
benzofuran [3.1 g (yield, 87%)] as a colorless oil.
Mass 222(M"), 207, 57
H NMR (60MHz, CDCl,)
25 8 ppm 1.44(s,9H), 2.95(bs,1H), 3.09-3.91(m,64H),

4.51-4.93(m,1H), 6.04(bs,1H), 6.46(s,2H)

- 42 -



6 ppm 0.97(s,9H), 1.40(s,9H), 1.50(s,9H), '

3.22(dd, 2H, J=8. OHzJ=Il | . OHz) , 4.24(dd, 1H, J=8. OHz, J=I | . OHz),
4. 66(s 1H), 6.67(s,1H 25 IR (cnferr]) 3669, 2973

- 39 [ Exanpl e, 3] Synt hesi s of

4, 6- D -tert-Butyl - 5- Hydroxy- 2, 3- D hydr obenzof uran ( Conpound a)
Met hanesul fonic acid (10 mM) was added dropwi se, 5 wunder ice cooling, to
a solution si sting,.of te but yl - 5- hydr oxy- 2, 3- di hydr obenzof ur an
[J. Og. Gisherans %ft%“di ‘{](1988) 2.84 g, 15 mol], tert-butyl alcohol

(10 9. 7120 s%@qgélsagg EhLgrolaum (20 gt 4 L4} ageg)-Sgrr] C for

neutral i zed Wok RvyaPoBaHE8SraR! uti on of 1N sod|un1 hydrOX|de and
subj ected to é?f?éﬁrrﬁﬁ"ﬁrfﬁ"éthyl acet at e. The extracted | ayer was

washed with a satpyaf@tha@questisng, 2.2 U8l P agaddiredygr ogen carbonate,

dried over anhydrous nagne3|un1sulfate and concentrated. The

concensr at $olasion Sof pik tér by 543 - pRigaty-voradaghmdiy (42 fesxane) to

afford 4,6-di-tert-butyl-5-hydroxy-2, 3-di hydrobenzofuran [210 ng
dihydrobenzofuran (430 mg, 1.9 mmol) in benzene (15 ml) and,

subsequently, thiényl chloride (310 mg, 2.6 mmol) was added
dropwise under ice cooling. After being allowed_to warm to
room temperature, the mixture was heated under ;éflux for
10 24 h. After cooling, water was added and the solution
was extracted with ethyl acetate. The organic layer was
washed with a saturated agueous solution of sodium hydrogen
carbonate dnd water, then dried over anhydrous magnesium
sulfate and concentrated. The concentrate was purified by
15 silica gel chromatography (chloroform) to afford 4-~tert-
butyl-2-chloromethyl-5-hydroxy-2,3-dihydrobenzofuran [280 mg
(yield, 61%)] as a colorless oil.
Mass 242(M+2), 240(M"), 227, 225, 57
'H NMR (60MHz, CDCl,)
20 5 ppm 1.45(s,9H), 3.07-3.83(m,4H), 4.56-5.02{(m,1H),
- 5.39(s,1H), 6.47(s,2H)
[Example 4]
Synthesis of 4,6-tert-Butyl-2-Chloromethyl-5-Hydroxy-2, 3~
Dihydrobenzofuran (Compound 1)

25 Methanesulfonic acid (1.2 ml) was added dropwise
to a solution of 4-tert-butyl-2-chloromethyl-5-hydroxy-2,3-~
dihydrobenzofuran (280 mg, 1.2 mmol) and tert-butyl alcohol

(500 mg, 6.0 mmol) in chloroform (2 ml) under ice cooling.
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(yield, 6%9]. m p. 113. 4[err]C (colorless, fine-grained

crystal; recrystallized from n-hexane) 20 Mass
248(Merr]), 233, 191, 57 [err]H NVMR (60MHz, CDCl[err]) [err]
ppm 1.42(s,9H), 1.50(s;9H), 3.40(t, 2H,J=8.0Hz),

4.37(t,2H,J=8.0Hz), 4.72(s,1H), 6.68(s, 1H IR (cnferr]) 3623, 2969
25 [Reference Exanple 1] Synt hesi s of ¢

o tert . butttes RS e %%“?"?”%%?Jlsow@n obs mixture was powzefggg) . 40
g9, 0.21 m%.'rlt’o Q%Waﬁrfgm q‘?“)(ﬂ& ure was then Beutrale.ﬁgd w:.th0 21 mol )'

40 - potaSS|un1car onat e

wer e 6334 aﬂue@& I, 1NV Bt Y fs%%m @kgd(cgqqd@ )anangungc%ghut i on

was stirr roomtenperature for 2 After distilling of f the

N, N- di net Ryd feartmidden Rdeh \é&wqmadéa:ta% Waghaddsdraeted ULRgekesi due and
the m xture was subjected to-extraction with ethyl acetate. The

ext racted way afashisl Wishie@ Wathirated agudiowsatisedvaddveodE selddumon of sodi um
hydr ogen car bonat e, dri ed over anhydrous magnesi um sul fate and

concent r attgfirogen cewbaramteenidrdied wwverp @nhfyidecusy maignesd ugelsulfate
chromat ography 10 (10% ethyl acetate in n-hexane) to afford .
5- benzyl oxgndi-concentrgtedyut Viihee eomogndir 40 wasy guridligd ygsjiilica
gel chromatography (n—hexane) to afford 4,6-tert-butyl-2-
chloromethyl-5-hydroxy-2,3-dihydrobenzofuran (1Qihg) as
10 a pale yellow oil.
Mass 298(M+2), 296(M"), 283, 281, 57
'H NMR (60MHz, CDCl,)
8 ppm “.41(s,9H), 1.50(s,9H), 3.19-3.91(m,4H),
4.58-5.03(m,1H), 4.76(s,1H), 6.69(s,1H)
15 IR (cm™) 3460, 2960
[Reference Example 5]
Synthesis of 5-Benzyloxy-4-tert-Butyl-2-(1-
octenvl )benzofuran

A pentane solution (2.6 ml, 4.2 mmol) of 1.6 M

20 n-butyllithium was added dropwise to a solution of n-heptyl-
triphenylphosphonium bromide (1.84 g, 4.2 mmol) in tetra-
hydrofuran (10 ml) under a nitrogen atmosphere. After
stirring the mixture at room temperature for 30 min,

a solution of 5-benzyloxy-4-tert-butyl-2-formylbenzofuran

25 (1.0 g, 3.2 mmol) in tetrahydrofuran (10 ml) was added
dropwise. Subsequently, the mixture.was stirred at room
temperature for 30 min, poured into ice water and subjected

to extraction with ethyl acetate. The organic layer was
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Mass 280(M, 224, 189, 161, 91 [err]H NVMR (60MHz, CDCl[err])
[err] ppm 1.57(s,9H), 5.06(s,2H), 6.86-7.43(m9H) 15 |[Reference
Exanpl e 2] Synt hesi s of

5- Benzyl oxy-4-tert-Butyl - 2- For nyl benzof ur an Phosphor us
oxychloride (26.2 m, 0.29 nol) was added dropwi se to

N, N-dinethylfornanide (17 mM, 0.22 nol) under I ce cooling;

b t 4- 40 g,
SHbeauEn{don  SPLUA sk R aiidsor? O RGBSR (10 ¢
m xture "‘Béaéﬁér'ié@&' efrkd SJater tt@n 'QABd FRE HdHyRdRis %Qg!ﬂe%lutnhe” under

heating at 80[err]C fo . After cooling, the reaction m xture was

poured  sulfdit® vl Qfo:&r&@aﬁe'tpt edrnd tdbriiditiranetalse puligied racted 25
| ayer was washed with a saturated aqueous solution of sodium hydr ogen

car bonat e Bydsinbdied | gell | Atcamestfoqardpitf qushIagyfstinto affodd &-e and
concentrated. The concentrate was purified by silica gel

chr omatbogr aghyy 14090 41 ted t oty -2 4 (L rodteayie)banzofuran [1.14 g

- 41 - af ford 5-benzyl oxy-4-tert-butyl-2-fornyl benzof uran
[16.2 g (yieldelW3BbY]. m p. 135. 7[err] C Mass
308(Merr]), 91 5 err]H NVR (60VHz, CDC gerrg%, 8 ppm - .
1.58(s, 9H) , MBS (s, 2H§92@1p- $048(ﬁ77H)157 7.92(s, 1H),

9.76(s, 1H) IH NMR (60MHz, CDC1,)
5 ppm  0.89(t,3H), 1.13-1.72(m,8H), 1.56(s,9H),
10 1.93-2.62(m,2H), 5.03(s,2H), 6.02-6.40(m,2H),
6.78-7.46(m, 8H)
[Reference Example 6]

Synthesls of 4-tert-Butyl-5-Hydroxy-2-Octylbenzofuran

10% Palladium on carbon (1.1 g) was added to a
lSI solution of 5-benzoxy-4-tert-butyl-2-(l-octenyl)benzofuran
(1.1 g, 2.9 mmol) in acetic acid (50 ml), and the mixture
was stirred for 36 h under a hydrogen atmosphere. After
filtering off the Pd on carbon, the solvent was distilled
off with an evaporator. The concentrate was purified by
20 silica gel chromatography (chloroform) to afford 4-tert-
butyl—5—hfdroxy—2-octylbenzofuran [600 mg (yield, 69%)] as
a pale yellow oil.
Mass 302(M*), 287, 57
'H NMR (60MHz, CDCl,)
25 8 ppm 0.87(t,3H), 1.06-1.83(m,12H), 1.57(s,9H),
2.70(t,2H), 4.67(s,1H), 6.50(4,1H,J=8.4Hz),

6.68(s,1H), 7.07(d,1H,J=8.4Hz)
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[ Ref erence Exanpl e 3] Synt hesi s of

4-tert-Butyl -5-Hydroxy-2- Hydroxynethyl -2 3- 10 Di hydr obenzof ur an

5- Benzyl oxy-4-tert-butyl -2-fornyl benzofuran (5.0 g, 16 mmol ) was
dissolved in a 25:1 m xed-solution (260 m) of ethyl acetate and
acetic acid. After adding 10% Pd on carbon (5.0 g), the solution was

stirred under a hydrogen 15 at nosphere for 48 h. After filtering off the
Pd on carggnf t? e was washed with a saturated aqueous
sol uti on 6fSFETENEGy ﬁﬁ?ﬂ aro en carbonate, dried over anhydrous nmagnesium

Suifate and SOMGANLA ¢ TS 0RGE0N 3R, A OUBLEERGY bog o111 ca gel
chr omat ogr ap consisting of a 4:1

m xture of hqqu_{qﬁg,‘ﬁyg&rgwra@\cet ate to afford

4-tert-butyl -5-hydroxy- y roxynethyl 2, 3-di hydr o- benzofuran [3.1 g
(yield, 879] asTQléQh?!LL‘.Q&ﬁné' 2.8 ml) VasSadded @24 Mertldutgds, 57
[err]H NMR (60MHz, [err]) 25 [err] ppm 1.44(s,9H), 2.95(bs, 1H)

3. 09- 3 916~ 4droxy-2~octylbenzofurdn513809%¢m 1H), meoD# (&sd 1Hhe®, 46( s, 2H)
- 42 - [ Ref erence Exanpl e 4] Synt hesi s of
4-tert - Buttylif2uCrbacetrtthybid- Hiddomy) 2w8s added drdphyse obedenfican
cooling. -The.mixture was stirred first at 0°C for 15 min,.
then at room temperature for 1 h. Thereafter, the mixture
was poured into ice water and subjected to extraéfion
io with ethyl acetate. The organic.léyer was washed with a
saturated aqueous solution of sodium hydrogen carbonate,
dried over anhydrous magnesium sulfate and concentrated.
The concent¥ate was purified by silica gel chromatography
(chloroform) to afford 4-tert-butyl-5-hydroxy-2-octyl-2,3-
15 dihydrobenzofuran [252 mg (yield, 83%)] as a colorless oil.
Mass '364(M*), 289, 137, 57
'H NMR (60MHz, CDCl,)
& ppm - 0.87(t,3H), 1.12-1.75(m,14H), 1.44(s,9H),
2.75-3.70(m,2H), 4.09-4.68(m,1H), 4.45(s,1H),
20 ' 6.42(s, 2H) -
[Example 5]

Synthesis of 4,6-Di-tert-Butyl-5-Hydroxy-2-Octyl-2,63~

Dihydrobenzofuran (Compound g)

Methanesulfonic acid (1.5 ml) was added dropwise,
25 under ice cooling, to a solution consisting of 4-di-tert-
butyl-5-hydroxy-2-octyl-2,3-dihydrobenzofuran (510 mg,
1.7 mmol), tert-butyl alcohol (850 mg, 10.0 mmol) and

chloroform (2 ml). After stirring at 0°C for 15 min, the
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Pyridine (180 ng, 2.2 mmol) was added to a 5 solution of
4-tert-butyl-5-hydroxy-2-hydroxynet hyl - 2, 3- di hydr obenzof ur an (430 ny,
1.9 mmol) in benzene (15 m) and, subsequent |y, thionyl chloride (310
ng, 2.6 mmol) was added - dropw se under ice cooling. After being
allowed to warmto roomtenperature, the m xture was heated under
reflux for 10 24 h. After cooling, water was added and the sol ution

was extracted with etg% et.ate. ,The or anicThayen gas gﬁshed with a
sat ur at ed ™RGS Y5 FOUSE O EREGIAGH HPFFSgenThe MiFLPEEYRE ARG \wat er ,

then dri od Q8L ANMILAYS, TRINEREMN, solusc%f b2 400 BAIGRNHALRG alhe

concentrate was p rca gel Rr G ography (chloro onﬁ to

afford 4-tg4d (subéjleggégltly%o] %x@ija%ﬁﬁ%t Ig,)ilthS t&?’x%.o&ée%a%ed' hyggobenzof uran

[ 280 ny as a colorless oi 242( M+2)
240( Mt) ,  Zdoracded Jhayer waLc'.eWa]sHéHWﬂt@xOM'%atGQgtEﬁr blliect® sb‘?.h‘t]:.o?xpm
1.45(s,9H), 3.07-3. 838%14%0 4.56-5.02(m 1 s, 1H),
6. 47(s52Hof sodilumx HFdrdIEN carbonateSYQ&H%ﬁl%v@E 4nhydrous magneSLum

~ 6-tert-Butyl -2-Chl oronet hyl - Fydroxy- , 3- D hydr obenzof ur an
(Conpound shlfste and condértiatesill f eopiec o@mcér(\:&a&ewh)asv\@mra&dedl B opW Sse
to a solution of 4-tert-butyl-2-chl oronethyl -5-hydroxy- 2, 3-

di hydr obenziof igaarggl2 8thnoma thgapiyt )( redieextegvet)- oot wif fardodgl6-di- te(zﬂi}o ng,
6.0 mmol) in chloroform (2 m) under ice cooling.
- 43 - butyl-5~hydroxy-2-octyl-2,3-dihydrobenzofuran (83 mg) as

a pale yellow oil. .
10 Mass 360(M"), 345, 57

'H NMR (60MHz, CDCl;)

& ppm 0.90(t,3H), 1.12-1.95(m,14H), 1.42(s,9H),
1.50(s,9H), 2.80-3.70(m,2H), 4.35-4.80(m,1H),
4.67(s,1H), 6.63(s,1lH)

15 IR (cm™) 3624, 2935
[Reference Example 8] _
Synthesis of 4-Acet§xz-3,5-Di-tert—Butzlanisole
‘ 4-Hydroxy-3, 5-di-tert-butylanisole (23;6 g) was
dissolved in acetic anhydride (150 ml). Following the
20 addition of conc. sulfuric acid (0.5 ml), the mixture
was stirred at 70°C for 2 h. The reaction mixture was
concentrated under reduced pressure and a saturated agueous
solution of sodium hydrogen carbonate was added to the
concentrate, followed by extraction with ethyl acetate.
25 The extracted layer was dried over anhydrous magnesium
acetate and concentrated. The precipitating solid was

recrystallized from methanol-water (2:1) to afford 4-

acetoxy-3,5-di-tert~butylanisole [24.5 g (yield, 88%)]
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After stirring at O[err]C for 15 mn, the m xture was poured into ice
wat er. The m xture was then neutralized with an aqueous solution of 1N
sodi um hydr oxi de and subj ect ed ~to extraction with ethyl acetate. The
extracted layer 5 was washed with a saturated aqueous solution of sodium
hydr ogen carbonate, dried over anhydrous magnesi um sul fate and
concentrated. The concentrate was purified by silica gel v

chr onmat ograaphy WHidee)syiga.to afford 4,6-tert-butyl - 2-
chl or onet hyl - 5- hydr oxy- 2, 3- di hydrobenzofuran (10 ng) as 10 a pale yellow

oil. m\aSs.S _ 9BA%(°H2), 296(M), 283, 281, 57 [err]H NWR
(60MHz, CDCl[err]) [err] ppm 1.41(s,9H), 1.50(s, 9H)

3.19-3. 91(HANMR (60MHz, CDCl;) 4.58-5.03(m1H), 4.76(s,1H), 6.69(s, 1H)

15 IR (cnferr]) 3460, 2960 [ Ref erence Exanpl e 5] Synt hesi s
of 5-Benzyldxypm-t er tl--Bft(yd,1BH)1- 2.02(s, 3H)ocBenyI(shSHdof r-83 (s, 2H) A
pentane solution (2.6 m, 4.2 nmol) of 1.6 M 20 n-butyllithiumwas added
dropwi 8e t 18850l ut i ATEM A- hept ylI - tri phenyl phosphoni um broni de (1.84
g, 4.2 mol) intetra- hydrofuran (10 m) under a nitrogen atnosphere.
Af t er [Refemence (Hamp é¥e at roomtenperature for 30 mn, a

sol ution of 5-be é- (1.0 g,.3.2
nmol) in tetr&f ubsequently, the

m xture was stir rf—g\@étéﬂf-@,s—di-t 2h Al hleaé{i%ql:feo (ra' O;I%O#rvpa% into ice

~water and subjecte 0 ’extraction w aceta he organi c
layer was gjgsolved in dichloromethane (2 ml). After cooling with

| oxy-

10 ice, trimethylsilyl iodide (0.31 ml) was added dropwise.
The mixture was allowed to warm slowlf to room temperature
and stirred for 2 days: thereafter, a saturated agqueous
solution of sodium hydrogen carbonaté was added to the
reaction mixture. The mixture was subjected to extraction

15 with diethyl ether and the organic layer was washed with
saturated brine, dried over anhydrous magnesium sulfate
and concentrated. The residue was purified by silica gel
chromatography (15% ethyl acetate in n-hexane) to afford
4-acetoxy-3,5-di~tert-butylphenol [0.38 g (yield, 80%)] as

20 a white solid.

m.p. 156.9°C

'H NMR (60MHz, CDC1,) |

5 ppm 1.27(s,18H), 2.27(s,3H), 5.22(brs,1H), 6.67(s,2H)
Mass 222(M*")

25 [Reference Example 9]

Synthesis of 4-Acetoxy-3,5-Di-tert-Butyl-1-(2-Methyl-2-

Propenyloxy)benzene
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- 44 - washed with a saturated aqueous sol ution of sodium
hydr ogen carbonate and water, then dried over anhydrous nagnesi um
sul fate and concentrated. The concentrate was purified by silica gel
chromat ography (chloroforn) to afford 5- 5

benzyl oxy-4-tert-butyl-2-(1-octenyl)benzofuran [1.14 ¢ (yield, 919%].
Mass 392(Merr]), 301, 277, 167, 91, 57 [err]H NVMR ( 60MHz,

cpa | - ad (i 18-dy % oH), 10
os 2312% m 2H) , [?%]:ﬁfs)l,}gﬁ?%%g%éﬂﬁam (2%1,]‘33 ) N Sidperiac(sn OF)

6. 78- 7. 46() BHiimethy | fefmdmide @@MI L. 6]A solution Yyhtdeststaty-3,5-
4-tert-Butyl -5-Hydroxy-2-Cctyl benzof uran 10% Pal | adi um on
carbon (1.dig}emtsbatipirphémol (1l5) sivk W jordifethylformamide (5 ml)
5-benzoxy-4-tert-butyl-2-(1-octenyl)benzofuran (1.1 g, 229 mol) in
acetic acida¢58dde¢d, daopwise td xthe esuspensicn synderdi¢drcdslingmid a

hydr ogen at nosphere. After filtering off the Pd on carbon, the sol vent
was di $tilthg mixtupefwast ftirred afer a3Qrnimhe SWhReIMeREEY wakhourified by
20 silica gel chromatography (chloroform to afford 4-tert-
butyI-5-hy6?6§§4990%%§FBEﬂz%$%r%%??%%@ 9 (TR B0 ¥R | temperature ppd

%Ek;Fg@?i;3-chlorg@§§methyl§9gé%g§££é)(O?gg’mf; was aéggé]§L£%€§ SPN%E’
After stirring at room temperature for 2 h, a saturated
agqueous solution of ammonium chloride (15 ml) wg% added.

10 to the reaction mixture. The mixture was subjected to
extraction with diethyl ether and the organic layer was
washed with water and saturated brine, dried over anhydrous
magnesium d4ulfate and concentrated. The concentrate was
purified by silica gel chromatography (10% ethyl acetate in

15 n-hexane) to afford 4-acetoxy-3,5-di-tert-butyl-1-(2-methyl-
2-propenyloxy)benzene [1.08 g (yield, 90%)] as a colorless
ligquid.

'H NMR (60MHz, CDCl,)

& ppm 1.30(s,18H), 1.83(s,3H), 2.30(s,3H),
20 4.37(brd,J=6.6Hz,2H), 6.83(s,2H)
Mass 318(M*)

[Example 6]

Synthesis of S5-Acetoxy-4,6-Di-tert-Butyl-2,62-Dimethyl-
2,3-Dihyvdrobenzofuran
25 4-Acetoxy-3,5-di-tert-butyl~l-(2-methyl~2-propenyl-
oxy)benzene (2.22 g) was dissolved in N,N-dimethylaniline
(8 ml) and the solution was refluxed under a nitrogen

atmosphere for 36 h. After cooling to room temperature,
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25 [err] ppm 0.87(t,3H), 1.06-1.83(m12H), 1.57(s,9H),

2.70(t,2H), 4.67(s,1H), 6.50(d, 1H, J=8. 4Hz), 6. 68(s, 1H),
7.07(d, 1H, J=8. 4Hz) - 45 -

[ Ref erence; Exanple 7] Synt hesi s of
4-tert-Butyl-5-Hydroxy-2-Qctyl-2 3- Di hydr obenzof ur an

Triethylsilane (2.8 ml) was added to 4-tert-butyl- 5
5-hydr oxy-gs @%é/é@@f&@féaml(&%ém chdb PRl te £ Rhdd) §Rduced

trifluoroacetic acid 4 mM) was added dropw se under ice cool i ng.

The mi xt Ur&é@éuﬁé Iéd&d divet ta@ien 02 hw Hta NiS'ml) and @Rty oOM
tenperature for Thereafter, the m xture was poured into ice water

and subj ec:éﬂdefo(mtmn):,t |mrﬂﬂlg wds intilnureetfaire.15 Tism.or e ¢ | ayer was
washed with a sat urated agueous sol ution of sodi um hydrogen carbonat e,
dri ed overoxgduyil olmyemgres i sapand fed earahdhe reepreous ddyer wasThe
concentrate was purified by silica gel chromatography (chloroform to
af f or &5 4- t suljectsd - B0 Batagtivnorith Aixthyls ethenqdr dhenh asmpined 252 ng
(yield, 83%] as a colorless oil. Mass . 304(M, 289, 137, 57
[err] H NVRB¥ $ YEX§[¥§$§§d with %Qﬁ#ﬂaﬁﬁﬁnbran> eggver
1.12-1.75(m 1 FQ 44én 70(m 2H),
4.09-4. 68(ﬂ?a¥§ ogs43? Qﬁﬁum siplfate and conngﬁﬁgyggﬁ The

concentrate was purified by silica gel chromatography
‘(5% ethyl acetate in n-hexane) to afford 5-acet9§y-4,6-
10 di-tert-butyl-2,2~dimethyl-2,3-dihydrobenzofuran [1.19 ¢
(yield, 54%)] as a white solid. '
m.p. 97.7°C |

'H NMR (60MHz, CDCl,)

8 ppm 1.16-1.60(m,24H), 2.25(s,3H), 3.18(s,2H),
15 ' " 6.63(s,1H)
Mass - 318(M")

[Example 7]

Svnthesis of 5-Hydroxy-4,6-Di-tert-Butyl-2,2-Dimethyl-
2,3-Dihydrobenzofuran (Compound c¢)

20 Lithium aluminum hydride (0.10 g) was suspended
in tetrahydrofuran (5 ml) under a nitrogen atmosphere.
A solution of 5-acetoxy-4,6-di~-tert-butyl-2,2~-dimethyl-
2,3-dihydrobenzofuran (0.86 g) in tetrahydrofuran (&6 ml)
was added dropwise to the suspension and the mixture

25 was refluxed for 4 h. After cooling the mixture to room
temperature, water was added dropwise to quench the excess
lithium aluminum hydride. After adding 1N aqueous sodium

hydroxide (5 ml), the mixture was subjected to extraction
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[ Exanpl e 5] Synthesis of 4,6-Di-tert-Butyl-5-Hydroxy-2-Cctyl -2, 3-

D hydr obenzof uran ( Conpound @) Met hanesul fonic acid (1.5 m)
was added dropwi se, 25 wunder ice cooling, to a solution consisting of
4-di-tert- but yl - 5- hydr oxy- 2- oct yl - 2, 3-di hydr obenzofuran (510 nyg,
1.7 mmol ), tert-butyl alcohol (850 ng, 10.0 nmol) and chl oroform(2
m). After stirring at OC for 15 mn, the '

- 46 - yith diethyl BrHdH.© WaR ré%;ra%d_d NleYelrC fadak@ishe NG Xt Ur e was
t hen neutralizéd with an aqueous sol ution of 1N sodi um hydroxi de

and subj edfthdareX brftid 0 Ariidd) ity lanmdgrahe mBgResium exilfaaked | ayer
was washed with a saturated aqueous solution 5 of sodi um hydrogen

car bonat e,artll icavharretiraardd.dr M PRSItTAte wass purdifd edndyc eiddrdar at ed.

The concentrate was purified by silica gel chromatography (n-hexane)
to af f ord geb-chranattography uL&%)/Ieiﬁryliymm day yi-hgx@ng )hyidr elfdiozdr ur an
(83 ng) as a pale yellow oil. Mass 360(M, 345, 57

[err]H|WW5(&EEW@?Y1§X§1¢#Tq%rt bUtYH1ﬂwq dimethyl-@ Soditmdrobenzo-

1.12-1.95(m 14 50(s, 9 2.80-3.70(m 2
4.35-4. ao&”%mwf .62 9( (Ylk‘-l—)ld 838 X7 a8 E-I)Whlé:esﬁ%ﬂﬂ-'l)l_b | R (cﬁ{merf'i)
3624, 2935 1 p. 139.6°C ‘

‘H NMR (60MHz, CDCl,)

& ppm 1.42(s,18H), 1.50(s,6H), 3.25(s,2H),_2.70(s,1H),
10 : 6.66(s,1H)
Mass 276(M")

IR (cm™') 3632, 2964, 1404, 1386, 1134

[Reference ‘Example 10]

Synthesis of 4-Acetoxy-3,5-Di-tert-Butyl-1-(2-

is5 Propenvylo benzene

4-Acetoxy-3,5-di-~tert-butylphenol (10 g) and

potassium carbonate (15.6 g) were dissolved in acetone
(300 ml). After addition of 3-bromo-l-propene (6.55 ml),
the mixture was refluxed for 24 h. The reaction mixture

20 was conéentrated under reduced pressure and water was added
to the concentrate. fhe mixture was subjected to extraction
with diethyl ether and the organic layer was washed with
water and saturated brine, then dried over anhydrous
magnesium sulfate and concentrated. The concentrate was

25 purified by silica gel chromatography (10% ethyl acetate
in n-hexane) to afford 4-acetoxy-3,5-di-tert-butyl-1-(2-
propenyloxy)benzene (11 g) as a colorless liquid in a

quantitative yield.
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[ Ref erence Exanpl e 8] Synt hesi s of 4-Acetoxy-3

,5-Di -tert-Butyl ani sol e 4- Hydr oxy-3,5-di -tert-butyl ani sol e
(23.6 g) was di ssol ved in acetic anhydride (150 m). Following the 20
addition of conc. sulfuric acid (0.5 m), the mxture was stirred at
70[err]C for 2 h. The reaction m xture was concentrated under reduced

pressure and a saturated aqueous

was added tg; thhMkR (eomEzONeDUL,fte, followed by extraction with ethyl

acet ate.

acetate andscppment r ai e8io( ShESWYy £ci pi (s, 3W) S0d j 47 vdsI=5.0HZ 2H y,st al | i zed

25 The extracted Iayer was dried over anhydrous nmagnesi um

from net hanol -water (2:1) to afford 4-

acet oxy- 3,
- 47 -

[err]H NVR M888Hz, CDBPLEMT)) [err] ppm 1.06(s, 18H), 2.02(s, 3H),

3. 47(s, 3H)
9]

4- Acetoxy 3, 5- d|-tert but
di chl or orret hars gais of

(0.31-mM) was added dro e. The m xt ure was allomed to warmslowy
to roomtenperpa-é%@z———ﬂg————q‘ xy{ohenol

10

15

20

25

5-di-tert-but95ahiSD{leri 2HP, 5 (68-6 37889 ,]1H), 6.81(s,2H)
as a white solid. m p. 96.6[err] C

sol ution of sodium hydrogen c¢arbonate

6.53(s,2H) 5 Mass 278(Merr]) [ Ref erence Exanpl e

[RefarResesEsamRlacklbxy- 3, 5-Di - tert - But yl phenol
| ani sol e (Q.50 g)tme% ldlssolved in

ok = W) g2 -

4A-Acetoxy-3,5-di-tert-butyl-1-(2-propenyloxy )benzene
(11.0 g) was dissolved in N,N-dimethylaniline (_5}6 ml)
and the solution was refluxed for 18 h under a nitrogen
atmosphere.- After cooling to room temperature, the reaction
solution was concentrated under reduced pressure and
purified b¥ silica gel chromatography (15% ethyl acetate
in n-hexane) to afforq 4-acetoxy-3,5-di-tert-butyl-2-(2-
propenyl)phenol [8.84 g (yield, 77%)] as a white solid.

m.p. 103.6°C

'H NMR (60MHz, CDCl,)

& ppm 1.30(s,9H), 1.42(s,9H), 2.28(5,3H), 3.52-
3.84(m,2H), 4.88-5.42(m,3H), 5.68-6.45(m,1H),
6.79(s,1H)

Mass 304(M")

[Reference Example 12]

4-Acetoxy-3,5-Di-tert-Butyl-1-(2-Methyl-2-Propenyloxy)-2-

Propylbenzene
4-Acetoxy-3,5~tert-butyl-2-(2-propenyl )phencl
(0.90 g) was dissolved in ethyl acetate (15 ml). After
adding 10% Pd on carbon (0.005 g), the solution was stirred

vigorously under a hydrogen atmosphere for 18 h. The Pd on

- B2 -
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and stirred for 2 days; thereafter, a saturated aqueous sol ution of
sodi um hydrogen carbonate was added to the reaction mxture. The

m xture was subjected to extraction 15 wth diethyl ether and the organic
| ayer was washed with saturated brine, dried over anhydrous nagnesi um
sulfate and concentrated. The residue was purified by silica gel
chromat ography (15% ethyl acetate in n-hexane) to afford

4 acet oxy- daPpgh- &sgtfw&x}@&e&ﬂf §0336ng £¥1 &ewlc@&e@ra@eml te

sol i d. [err]H NVR (60MHz, CDCl[err])

[err] ppm The éoaaéﬁtic&& w£s2&:‘.§s6ﬂ)ed&ﬁ&émsaﬂmathﬁlﬁafﬁame Mass
222(Merr]) 25 [Reference Exanple 9] Synt hesi s of

4- Acet oxy- 855mDi) - &adt tRat gblltidn Masyad@ed dropwise Prtopenylspgndiomene

- 48 - 60% O |y sodi um hydride (0.18 g) was suspended
in N, bifdb60@t byllfoso@iunehydfide) (0 AL4of ut innN of-dimethpkfoBnamide
di-tert-butyl phenol (1 g) in N, N-dinethylformamde (5 m) was added
dropwi $e t 67t dd)susgensice gaddingcandothe nginhdreSwashetirredr €onas
stirred for 30 mn. Subsequently, the reaction mxture was allowed to
warm to ro8h PéRper BURFEAURBTLY, thechearbionnBinyRre- yespehboyedssoni) was

added dropw se.
warm to room temperature and 3- chloro—z—methyl ~-l-propene

(0.35 ml) was added dropwise. After stirring at room
temperatufe for 2 h, water (15 ml) was added tquhe reaction
10 mixture. The mixture was subjected to extraction with
diethyl ether and the organic layer was washed with water
and saturated brine, then dried over anhydrous magnesium
sulfate and concentrated. The concentrate was purified by
silica gel chromatography (5% ethyl acetate in n;hexane) to
15 afford 4-acetoxy-3,5-di-tert-butyl-l-(2-methyl-2-propeny-
loxy)-2-propylbenzene [0.82 g (yield, 77%)] as a colorless
liquid.

'H NMR (60MHz, CDCl;)

& ppm 0.70-1.72(m,23H), 1.86(s,3H), 2.28(s,3H), 2.65-
20 - 3.12(m,2H), 4.39(s,2H), 5.06(4,J=9.0Hz,2H),
6.82(s,1H)
Mass 360(M*)

[Example 8]

Synthesis of 5-Acetoxy-4,6-Di-tert-Butyl-2,2-Dimethyl-7-

25 Propyl-2,3-Dihydrobenzofuran
4-Acetoxy-3,5-di-tert-butyl-1-(2-methyl-2-propenyl-
oxy)-2-propylbenzene (0.82 g) was dissolved in N,N-dimethyl-

aniline (8 ml) and the solution was refluxed for 18 h under
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After stirring at roomtenperature for 2 h, a saturated aqueous
sol ution of ammonium chloride (15 m) was added 10 to the reaction

m xture. The m xture was subjected to extraction with diethyl ether
and the organic |ayer was - washed with water and saturated brine, dried
over anhydrous magnesi um sul fate and concentrated. The concentrate was

purified by silica gel chromatography (10% ethyl acetate in 15 n+hexane)

to afford 4- Yo [P -b - 1- o
2- pr openyl%x@’)qgiten en%?“l. g{é;zr%'yi Leﬁtt?,e%&%%]lqgl?h?ocﬁo& et:éag‘perat‘lll}edui d.
[err] H NVRHS &40 dfidtdlon was [Rindentit@ted uvhd¥¥ elfiided 1. 83(s, 3H),
2.30(s,3H), 20 4.37(brd, J=6. 6Hz, 2H), 6.83(s, 2H) Mass

318(M err]pressure [dadmN i) (5 ml) andSWildWSEils gther (10 ml) were

5- Acet oxy-4,6-Di -tert-Butyl -2, 2-Di net hyl - 2, 3- Di hydr obenzof ur an
25 adiddd et xyhe, cortteriterd tehutfd - lowed Bt Mt irkigro Moy |5 min.

oxy) benzene (2.22 g) was dissolved in N, N-di nethylaniline . (8 mM) and
t he sofut i Bre vergarid vayets sepinatsgerand. theatamesphey eldymr 36 h. After
cooling to roomtenperature, - 49 -

t he react i'é®S sHRieorrdale @re@f A rvitdisuicather. fhessure and,

after addition of 1IN HOJ (5 m) and diethyl ether (10 m ), stirring
was conti rcQRingd 1extractyede washed with saturated brine, 'dried

over anhydrous magnesium sulfate and concentrated. The
concentrate was purified by silica gel chromatog%aphy (5%
10 ethyl acetate in n-hexane) to afford 5-acetoxy-4,6-di-tert-
butyl-2,2-dimethyl~7;propyl—2,3—dihydrobénzofuran [0.60 g
(yield, 73%)] as a pale yellow solid.
m.p. 106.0°C

H NMR (60MHz, CDCL,)

15 5 ppm 0.55-2.08(m,29H), 2.23(s,3H), 2.72(t,J=7.0Hz,2H),
3.17(s,2H)
Mass 360(M‘)-

[Example 9]

Synthesis of S5-Hydroxy-4,6-Di-tert-Butyl-2,2-Dimethyl-7-
20 Propyl-2,3-Dihydrobenzofuran (Compound g)

Lithium aluminum hydride (0.08 g) was suspended

in tetrahydrofuran (5 ml) under a nitrogen atmosphere.

A solution of 5-acetoxy-4,6-di-tert-butyl-2,2~dimethyl-7-

propyl-2,3-dihydrobenzofuran (0.60 g) in tetrahydrofuran .
25 (5 ml) was added dropwise to the suspension and the mixture

was refluxed for 4 h. After cooling the reaction mixture

to room temperature, water was added dropwise to quench

the excess lithium aluminum hydride. Thereafter 1N aqueous
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organi c | ayer was separated and the aqueous |layer was 5 subj ected to
extraction with diethyl ether. The conbi ned extracts were washed with
saturated brine, dried over anhydr ous magnesi um sul fate and
concentrated. The concentrate was purified by silica gel

chr omat ogr aphy (5% et hyl acetate in n-hexane) to afford 5-acetoxy-4, 6-
10 di-tert-butyl -2, 2-di nethyl -2, 3-di hydrobenzofuran [1.19 ¢ * (yield,
549 ] as %dﬁﬁh&?h?@&b@lde (5 mﬁ?pwas add@4- Ah@r kh& mixturbetibkH NVR (60MHz,
CDCI[err ) err] ppm 60(m 24H), 2.25(s,3H), 3.18(s, 2H),

subject@dd3cS ekilraction wiRBSdiethy3l8tNee! M vhshed withExanple 7]

SyntheS|s of 5-Hydroxy-4 6-Di-tert-Butyl - Z Di nethyl

2, 3- Di hydrs@itrizadied driheqmaeded @kerZ@nhydrous mbighbistiomakulifate hydri de
(0.10 g) was suspended in tetrahydrofuran (5 ml) under a nitrogen

at nospher @nd conceftgelitedi.on The Soacendrpté, Gadi pugdittikdt Py- 3ididianet hyl -
2, 3-di hydrobenzofuran (0.86 g) in tetrahydrofuran (6 nl) was added

dr opwise el mhronsieeiaphyaldt ﬁéchmlxmleézat@s inpashegpngledof ef £ord

After cooling the mxture to room enperature, water was added

dr opwi se tSrhydaERHY thé-dicdert- b“tYlI‘lzt l% Gl merP@iide., 34f t er addi ng

1N aqueous, sodj um ydrOXqu the m_xture was subjected to
extract i offihydrobenzofuran [C.17 g (yleld 32%)] 8§ a pale yellow

solid.
m.p. 90.3°C (dec.)

10 'H NMR (60MHz, CDCl,)

8 ppm 0.70-2.10(m,29H), 2.57-3.10(m,4H), 3.23(s,2H),
4.83(s,1H)
Mass 318(M")

IR (cm™) 3648, 2952, 2868, 1368, 1366, 1290, 1260, 1152,
15 924
[Example 10]
Synthesis of 4,6-Di-tert-Butyl-5-Hydroxy-2-Methyl-2,63~

Dihyvdrobenzofuran (Compound b)
4-Acetoxy-3,5-di-tert-butyl-2-(2-propenyl )phenol

20 (1.0 g, 3.3 mmol) was dissolved in dichloromethane (10 ml)
and BF,; etherate (0.7 ml) was added dropwise to the solution
under a nitrogen atmosphere. The mixture was stirred for
24 h at room temperature and, thereafter, water was added
and the mixture was extracted with ethyl acetate. The

25 extracted layer was washed with a saturated agqueous solution

| of sodium hydrogen carbonate, dried over anhydrous magnesium
sulfate and concentrated. The concentrate was dissolved

in tetrahydrofuran (5 ml) and the solution was added
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with diethyl ether. The organic |ayer was washed with saturated brine,

dried over anhydrous magnesium sul fate and concentrated. The
concentrate was purified by silica gel chromat ography (5% et hyl
acetate in n-hexane) to afford 5

5-acet oxy-4, 6-di-tert-butyl -2, 2-di net hyl -2, 3- dlhydrobenzo- furan
[0.62 ¢ (yleld 83%] as a mhlte sol id. m p 139. 6C “ Jerr]H

N st SO argbiLteTtd)a syspedsisd &Prﬁlt%l%%fl@mm ngass. 648 ng)

276(Merr]in tetrah%&i&f@f@ﬁrlé @f?zthQQGHadJSEEh ﬂé@ghrééﬁﬂnder a

[ Ref erence Exanpl e Synt hesi s of

4- Acet oxy- B;Grayeﬁeatmﬁwpuéré (2aftdd reflubimpefyt aXVi) bet€negeaction

4- Acet oxy- 3, 5-di -tert-butyl phenol (10 g) and pot assi um car bonat e
(15.6 g) weiertdreswésedoohedctdoneom tempéBHOund )and\ivarenddas i added
3-brono- 1- propene (6.55 m), the m xture was refluxed for 24 h. The
reacti sn nmixopwase20 Fohhewingctheradditionerf r Buaguepuessodiumnd wat er
was added to the concentrate. The m xture was subjected to extraction
wi th di et hpydeesédeanthenBisturai ¥asagebieptedatnetxtragtion witht er and '
saturated Brine, then dried over anhydrous magnesi um sul fate and
concent r at 84€tHKL e5REENt r The QAEaNG Llaper| vaeddbied pyes gehydrous

A acot ovy. 39gaRLE Bubiryp aad,Soncentrafel. AR UancoBledls s o a
colorless bhggkged b§ 5111caq839tEagghggogrgpgy (10% ethxl‘acetate in
10 n~-hexane) to afford 4,6-di-tert-butyl#S—hydroxy-2~methyl—
2,3-dihydrobenzofuran [450 mg (yield, 52%)].
m.p. - 86.8°C
Mass #262(M"), 247, 205, 57
H NMR (60MHz, CDCl,)
15 & ppm 1.40(4,3H), 1.42(s,9H), 1.50(s,9H), 2.80-
3.80(m,2H), 4.42-4.92(m,1H), 4:71(s,lH),
6.70(s, 1H) |
IR (cm™) 3616, 2960
[Reference Example 13]
20 Synthesis of 4-Acetoxy-3,5-Di-tert-Butyl-2-~

(Chloroacetylaminomethvl Jphenol and 6-Acetoxy-5,7-Di--

tert-Butyl-3-(2-Chloroacetyl)-2,3-Dihydro-1,3, 6 4H~

Benzoxazine
4-Acetoxy-3,5-di-tert-butylphenol (29 g, 0.11 mol)
25 was dissolved in a 9:1 mixed solution (200 ml) of acetic
acid and sulfuric acid. Following addition of N-hydroxy-
methyl-2-chloroacetamide (34 g, 0.28 mol), the mixture was

stirred at room temperature for 48 h. Subsequently, the
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- 51 - [err]H NVR (60MHz, CDCl[err]) [err] ppm
1.30(s, 18H), 2.27(s,3H), 4.47(d,J=5.0Hz, 2H),

5.05-5.57(brm 2H), 5.68-6.37(brm 1H), 6.81(s, 2H) - Mass

304(Merr]) 5 [ Ref erence Exanple 11] Synt hesi s of

4- Acet oxy-3,5-Di -tert-Butyl -2-(2- Pr openyl oxy) pheno

4- Acetoxy'3 5-di-tert-butyl - 1 (2- propenyl oxy) benzene (11.0 gj was

di 5301 ved JB MNIIBUNLAN 88,080 Tk $p8ndnblie 80k ULLOR RS 1ol | uxed
or 18 h under "a ni rogen atrms cool O roo
t enper at Urgen, dli® rs%@l‘ihho ardroxzﬁgl ‘ABHOQuW?éc‘E%BC%Bt Eﬁﬁ:?gf%%ﬁr wigduced

pressure and puri f by silica gel Chromatograph 15% et hyl acetate

i N n- hexarmhyllo adeftartd . 4 2Rl Orymdier dayke WaBUulyhiead- G%er éanydrous
propenyl ) phenol [8.84 g (yield, 77%] as a white soli

m p.
103. 6C  magrewiidt SWIRROMAE cSRdehtfialtkd. The[ebhbea&&bkeSQé§,9FD
1.42(s, 9H), 2.28(s,3H), 3.52- 3.84(m 2H), 4.88-5.42(m 3H),
5. 68- 65 45undd)in @ subsequent reActips, dihout furlhes purifiedcMerr])
[ Ref erence Exanpl e 12]

4- Acet oxy-3,@r-Di Whan Rty lof] -Yhe MeneentTaReo pasy subjpced to
Propyl benzene 25 4- Acet oxy-3,5-tert-butyl -2-(2-propenyl) phenol
silica gel chromatography and eluted with a solvent system
consisting of a 4:1 mixture of hexane and ethyl acetate,
the following two products were obtained: 4-acg%bxy—3,5-di-
10 tert-butyl-2-(chloroacetylaminomethyl )phenol and 6-acetoxy-
5,7-di-tert-butyl-3~(2-chloroacetyl)-2,3-dihydro-1,3, 4H~-
benzoxazine.
4-Acetody-3,5-Di-tert-Butyl-~2-
(Chloroacetylaminomethyl )phenol (colorless oilz
15 Mass 369(M"), 327, 234, 57

'H NMR (60MHz, CDCl,)
8 ppm 1.30(s,9H), 1.43(s,9H), 2.28(s,3H), 4.00(s,2H),
4.73(4,2H,J=6.0Hz), 6.88(s,1H),

7.54(t,1H,J=6.0Hz)

20 6-Acetoxy-5,7-Di-tert-Butyl-3-(2-Chloroacetyl)-2,3-
Dihydro-1,3,4H-Benzoxazine (colorless oil)
Mass 381(M"), 339, 304, 57

'H NMR (60MHz, CDCl,)

& ppm 1.30(s,9H), 1.47(s,9H), 2.30(s,3H), 4.17(s,2H),
25 5.00(s,2H), 5.33(s,2H), 6.83(s,1H)

[Reference Example 14]

Svnthesis of 4-Acetoxy-2-Aminomethyl-3,5-Di-~tert-

Butvylphenol
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(0.90 g) was dissolved in ethyl acetate (15 n). After addi ng 10% Pd

on carbon (0.005 g), the solution was stirred vi gorously under a

hydr ogen at nosphere for 18 h. The Pd on

- 52 - carbon was filtered off and the filtrate was
concentrate. The concentrate was dissolved in N, N-di net hyl f or mam de

(5 nl) and the solution was added dropwi se to a suspension of " 60% oi |l y

sodi um hydride (Gpkd BhdeRtMaledl E&%Pﬁhﬁoﬁﬁaﬁbgsreﬁce(Exghblﬂnﬂgrwbﬁe

cooling and the mxture was stirr m n. Subsequently, the

reaCt'O“'Eﬁgéﬂr%é&minﬁ%!QWB@ m xed soW@EEbhO(SQGWhEQWBQVéEHéﬁoinénd
3-chl oro- 2- net hyl - 1- pr opene (0.35 mM) was added dropw se. After

stirring aord®OmMCl and améersalmqofrmm% heatabeunddés Fe¥luas fagdadhto the
reaction 10 mxture. The mxture was subjected to extraction with

di et hyl etadf®termrmbdliegyr ghe adaaytdionvad ludbad waist povwatdr into watedr
saturated brine, then dried over anhydrous nagnesi um sul fate and
concent Batatl thee wigtingre wéise nead-naddizede Wity 1N aguiebusasgdium
chromat ogr aphy (5% et hyl acetate in n-hexane) to 15 afford

4- acet oxy-drepider tfQdioped Jyy axtmpatipn Wiinethyl acetate. The

| oxy) - 2- propylbenzene 0.82 g (yield, 77%]. as a col orl ess qui d.
[err] H NVOXERME L &% ]@qued oveg grhysirous “’GQ‘Y’GS}“?‘2€H11£9HF and

é gggz ?H)gé % 28 3 1? I—Q ?The conc%ntrate was use.d1 1&1 %lg) subseq(;enztl_i)

reactlon without further purification. When papt of the
10 concentrate was subjected to silica gel chromatography
| and eluteq solvent system consiéting of a 4:1 mixture of
chloroform and methanol, 4-acetoxy-2-aminomethyl-3,5-di-
tert-butylphenol was obtained as a main product.
 4-Acetoxy-2-Aminomethyl-3,5-Di-tert-Butylphenol
15 (colorless o0il)
Mass 293(M"), 234, 191, 57
H NMR (60MHz, CDCl,)
5 ppm 1.27(s,9H), 1.37(s,9H), 2.25(s,3H), 4.22(s,2H),
5.18(bs,3H), 6.85(s,1H)
20 [Exampie 11]

Synthesis of 5-Acetoxy-4,6-Di-tert-Butyl-2-

Hydroxybenzaldehvde

Thé concentrate obtained in Reference Example 14
was dissolved in a 11:3 mixed solution (636 ml) of acetic
25 acid and water and, after addition of hexamethylenetetramine
(19.3 g, 0.11 mol), the mixture was heated under reflux
for 4 h. Subsequently, 4.5N HCl (85 ml) was added and the

mixture was heated under reflux for 20 min. After cooling,
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6.82(s, 1H) Mass 360(Merr]) [ EXanmple 8] Synt hesi s
of 5-Acetoxy-4 6-Di-tert-Butyl -2, 2- Di metnylsheet HasHzen Replad2dOpy| -

2
3- Di hydr obenzof ur an
4- Acet oxy-3, 5-di-tert-butyl-1-(2-nmethyl - L!Iluumumul Ml

oxy) - 2- propyl benzene (0.82 g) was di ssolv hyl - ani line
(8 M) and the solution was refluxed f.or 18 h under -

,E 53 - he reac*iihoria nﬁ'zg‘tru%e@a Sy q.ntéf Ev%rte(i'ooln'eSlQ:IIag tz%(amcliuth
errperatur _ e reaction sol ation was concentrate er uced

pressure alﬂfi adiddids (sodilum m:@ﬁtd'ylanﬁt @%‘bj@tlﬁ:e@ )tow%'i&ractlo%d%(?l:ﬂ o the

concentrate, followed by stirring for he organic | ayer was
separ at ed et R-AHIROUS THY &rganic W%%re&ubda%cﬁ&(ieﬁo oVEld HAGNZ1nt h

di ethyl ether. The conbi neg extracts were washed with saturated brine,
dried sUlVEd ted Nl renifcdiRgRASdIM Jbd alotcamt redec el ghed.fi8dE by
concentrate was purified by silica gel chronmatography (5% 10 ethyl acetate
i n n- hgxare)lica gfdlorehionmeorignaphy; G-ahldrerflorm) to afford 5-acetoxy-

butyl -2, 2-di met hyl - 7- pr opyl - 2, 3-di hydr obenzofuran [0.60 g (yield,

73%] as & gatdlyeerovpwnli-2- hydrcwlqﬁnzaldehm d@9.0 g)-err]H NW\R (60M—|z
CDCl[err]) 15 [err;gpé)m - 0.55-2.08(m 29H), 2.23(s, 3H),

2.72(t, J=7.0t@; 2H) , 3.17(s, 2H)
Mass 292(M"), 250, 235, 217, 57
H NMR (60MHz, CDCl,) .
10 8 ppm 1.35(s,9H), 1.54(s,9H), 2.35(s,3H), 6.92(s,1H),

10.67(s,1H), 12.32(s,1H)
IR (cm™) 2976, 1758
[Reference Example 15]
Synthesis of 4-Acetoxy-3,5-Di-tert-Butyl-2-(2-Ethyl-1-
15 Butenyl )phenol

‘A solution of 3-bromopentane (1.3 g, 8.6 mmol)
in tetrahydrofuran (10 ml) was addéd to magnesium (0.21 g,
8.6 mg atom) under a nitrogén atmosphére to prepare a
Grignard reagent. A solution of 5-acetoxy—4,6-di—tert—.

20 butyl-2-hydroxydibenzaldehyde (1.0 g, 3.4 mmol) in
tetrahydrofuran (5 ml) was added dropwise to the reagent.
After stirring the mixture at room temperature for 30 min,
a 5:2 mixed solution (7 ml) of water and conc. HCl was
added to the reaction mixture, followed by stirring at

25 1room temperature for 30 min and subsequent extraction with
ethyl acetate. The organic layer was dried over anhydrous
magnesium sulfate and concentrated. The concentrate was

purified by silica gel chromatography (10% ethyl acetate in

THIS SHEET HAS BEEN
| REPLACED
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Mass 360(Merr]) [ Exanpl e 9] Synt hesi s of
5-Hydroxy-4.6-Di -tert-Butyl-2,2-Di nethyl-7- 20 Pr opyl -

3- b hydr obenzof uran (Conpound Q) Li t hi um al um num hydri de
(0.08 g) was suspended in tetrahydrofuran (5 ml) under a nitrogen
at nosphere. A solution of 5-acetoxy-4,6-di-tert-butyl-2,2-dinethyl -
propyl - 2, 3-di hydrobenzofuran (0.60 g) in tetrahydrofuran 25 (5 ™M) was
added dr oyl 56, L. § heo SUERSHE! £TL AN NG XU for e pus 1duses for 4

? SEUre t{ erat re

h. After coo e reac ion m 0 TOoom er was

added dropywﬁ@té ARGl [0.85 e EXGESS, '71%11%'&“9&%&9%' de.

Thereafter 1N aqueous

sodi um hydragxégle (5 nddepas addad 2pd thke m xture was subjected to
extraction with diethyl et her, washed 'wi th saturated brine, dried over
anhydrous nagnams YeoMHA, atcmc]_ ) and concentrated. The concentrate was
purified by silica 5 gel chronatography (5% et hyl acetate in n-hexane) to
affords &5pbiydr oxyQ 478-11i 57 @m } 61)f Y1 -33 Ge BBt Myl 37¢prampy) - L. B3-

di hydr obenzofuran [0.17 g (yield, 32%] as a pale yell ow solid. .
m p. 90. 3[err]C%d@&(r)l 41D, 2e27(H IR (BOAHA, BIQ [@rx7 (s, 1H) [err]
ppm 0.70-2. 10(m29|—g .57-3.10(m 4H), 3.23(s,2H), : '
4.83(s, 1H) 7(s,1H)

[Example 12]
Synthesis of 5¥Acetoxz-4,6—Di—tert-Butxl-2,Zibiethxl—z,a-
10 Dihydrobenzofuran
4-Acetoxy-3,5-~di-tert-butyl-2-(2-ethyl-1-
butenyl )phenol (0.85 g, 2.5 mmol) was dissolved in dichloro-
methane (10 ml) and BF, etherate (0.4 ml) was added dropwise
to the solution under a nitrogen atmosphere. After stirring
15 at room temperature for 3 h, water was added to the reaction
mixture and extracted with ethyl acetate. The extracted
layer was washed with a saturated aqueoué solution of sodium
hydrogen carbonate, dfied over anhydrous magnesium sulfate
and concentrated. The concentrate was purified by silica
20 gel chromatography (10% ethyl acetate in n-hexane) to afford
5+acetoxyf4,6-di-tert—butyl-2,2-diethyl-2,3—dihydrobenzo~'
furan [0.45 g (yield, 53%)] as a pale yellow oil.
Mass 346(M*), 304, 57
'H NMR (60MHz, CDCl,)
25 5 ppm 0.80-1.79(m,10H), 1.29(s,9H), 1.37(s,9H),

2.26(s,3H), 3.10(s,2H), 6.71(s,1H)
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Mass 318(Merr]) IR (cnferr]) 3648, 2952, 2868, 1368, 1366, 1290,
1260, 1152, 15 924 [ Exanpl e 10] . ' Synthesis of 4
6-Di -tert-Butyl -5-Hydroxy-2-Mthyl -2, 3- Di hydr obenzof ur an
(Compound b) 4- Acet oxy- 3, 5-di-tert-butyl-2-(2-propenyl)pheno

20 (1.0 g, 3.3 nmol) was dissolved in dichloronmethane (10 m) and BF3
etherate (0.7 m) was added dropwi se to the solution under a nhitrogen
at nospher qexHiprd i3y e was stirred for 24 h at room tenperature and
thereafter, water was added and the m xture was extracted with ethyl
acetate. The gghthexsisagfed, 6 ayer 86 PR V2 L Bi @tispl U5 Ji epYS-

sol ution of sodi um hydrogen carbonate, dried over anhydrous magnesi um
sul fate and cpihediobérdofdhsn consrpdund edyas di ssol ved in
tetrahydrofuran (5 ml) and the solution was added

- 55 - Lithiwh giwnsinuno hyydnisige(SAomgf wad lsuspexided num hydri de
(76 ng) in tetrahydrofuran (5 m) that had been prepared under a

ni trogén akmvtrahydygiugan F md hgrider R mitragereainagphere. ni xture was
cooled to roomtenperature and water was added 5 dr opwi se.  Fol | owi ng

the addi ti®rSYFUEReH e ArLRTA*NN4, 6-AinEATBEAREY k1o Jridday nd Fubj ected

to extractjon wth di ethyl ether, The aorganic | ayer was dried over
anhydr ous f%yggobenzofuran {8&1;39, 0.5 mmolflin tet%ghydrofuran

(5 ml) was added dropwise to the suspension. After heating
under reflux for 3 h, the reaction mixture was géoled to
10 room temperature and water was added dropwise. After
addition of 1N aqueous sodium hydroxide (5 ml), the mixture
was subjected to extraction with diethyl ether. The organic
layer was dried over anhydrous magnesium sulfate and
concentrated. The concentrate was purified by silica gel
15 chromatography (10% ethyl acetate in n-hexane) to afford
4,6-di~tert-butyl-2, 2-diethyl-5-hydroxy-2,3-dihydrobenzo-
furan [130 mg (yield, 87%)] as a pale yellow oil.
Mass 304(M*), 289, 163, 57
'H NMR (60MHz, CDCl,)
20 & ppm  0.92(t,3H), 1.20-1.87(m,8H), 1.43(s,SH),
1.51(s,9H), 3.17(s,2H), 4.62(s,1lH), 6.62(s,1H)
IR (cm™) 3663, 2975
Similar prodedures were taken to prepare the
following compounds.

25 4,6-Di~-tert-Butyl-2,2-Di-n-Propyl-5-Hydroxy-2,63-

Dihvdrobenzofuran (Compound e)
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.magnesi um sul fate and concentrated. The concentrate was purified by
silica gel chromatography (10% ethyl acetate in 10 n- hexane) to afford

4,6-di-tert-butyl -5-hydroxy-2-net hyl - 2, 3-di hydr obenzof uran [450 ny
(yield, 529]. mp. - 86. 8C Mass 262(Merr]), 247, 205,
57 [err]H NVMR (60MHz, CDCl[err]) 15 [err] ppm 1.40(d, 3H),
1.42(s,9H), 1.50(s,9H), 2.80- 3.80(m2H), 4.42-4.92(m 1H),
4.71(s, 1H) ,:g NMR (60 CD016)70(5 1H) IR (cnferr]) 3616, 2960

[ Ref erence Exanple 13 20 Synt hesi s of 4-Acetoxy-3.5-Di-tert-Butyl-
(Chl or oacet g1 gghNoMetdydd PHeg] , andy A ¥ ) 7-1040(s, 9H

tert-Butyl - ?gihChl oroaceﬁl) j2 3-Di hydﬁz(&k\w8 H ( )Benzoxa2| ne

4- Acet oxy-3 5-di -tertzbag ys pdenol 3 (28 €, 219) 1]41539()5,]2}5), vesaissyed in a
9:1 mxed solution (200 m) of acetic acid and sul furic acid.

Fol | owi ng amiRi { toTt)of 366y 29X - met hyl - 2- chl oroacetam de (34 g, 0.28
nol ), the m xture was stirred at roomtenperature for 48 h.
Subseqgent | Masshe 332(M") - 56 -

reaction mxture was pour ed |nto wat er, neutral ized with 1IN aqueous
sodi um hydr oxid&-Ri¢ tens-Butyd ~2o 24 {1y 23 acetate. The

organi c | ayer was dri ed over anh%drous
Dihvydrobenzofuran ompound

Mass 360(M")
'H NMR (60MHz, CDCL,)
10 & ppm 0.90(t,6H), 1.11-1.75(m,12H), 1.41(s,9H),
1.48(s,9H), 3.17(s,2H), 4.63(s,1H), 6.61l(s,1lH)
IR (cm™) 3663, 2964
4,6-Di-tert—Butxl-S-deroxz-z,3-Dihzdrobenzofuran-2—
Spiro-1'-Cyclopentane (Compound m) -
15 m.p. 101.5°C
Masé 302(M")
'H NMR (60MHz, CDCL,)
S ppm 1.40(s,9H), 1.49(s,9H), 1.67-2.02(m,8H),
3.43(s,2H), 4.68(s,1H), 6.63(s,1H)
20 IR (cm™) 3644, 2979
| 4,6-Di-tert-Butyl-5-Hydroxy-2,3-Dihydrobenzofuran-2-

Spiro-1'-gcyclohexane (Compound n)

m.p. 124.5°C
Mass 316(M")
25 'H NMR (60MHz, CDCl,;)
5 ppm 1.20-1.90(m,10H), 1.39(s,9H), 1.47(s,9H),
3.15(s,2H), 4.61(s,1H), 6.61(s,1lH)
IR (cm'') 3650, 2934

- 62 -



magnesi um sul fate and concentrated. The concentrate was 5 wused in the
subsequent reaction w thout further purifica- tion. Wen part of the
concentrate was subjected to silica gel chromatography and eluted with
a solvent system consisting of a 4:1 m xture of hexane and et hyl

acet at e, the follow ng two products were obtained: 4-acetoxy-3,5-di-
10 tert-butyl-2-(chl oroacetyl am nonet hyl) phenol and 6-acet oxy-

5 7-di-tert-bytylp3= égrgbbgf @QQtylﬁl 33 benzoxazi ne.
4- Acetoxy-3,5-Di-tert-Butyl- ylam nonet hyl ) phenol

(col orl ess ol hinhvdBobeNBSBuran Meari), 327, 234, 57 [err]H NWR
(60MHz, CDCI[err|$ [err] ppm 1.%%5(5,9H), 1.43(s,9H), 2.28(s, 3H),

4.00(s, 2H) ;m.p. 115.3°c 4.73(d, 2H, J=6.0Hz), 6.88(s, 1H),

7.54(t,1H J=6.0Hz) 20

6- Acetoxy Masdi - t er t4@UMT)- 3- ( 2- Chl or oacetyl ) -2, 3-

D hydro-1. 3. 4H Benzoxazi ne (colorless oil) "~ Mass 381(Merr]),
339, 394, 5H NMR (GPMHBLHCNDR3IGON+E CDCl [err]) [err] ppm
1.30(s,9H), 1.47(s,9 2. 30(s, 3@;, . 17(s, 5.00(s,2H),
5. 33(s, 2H), % PBB( s, 13 27(s, 91‘[Ref gm{ﬁevzlea 11), Synt hesi s of

4- Acet oxy- 2- Anlnoneth | -3, .5- But yl phenol .

. 57 - 91(d lH J OHz), 5.26(d4,1H, J=2,0Hz),

6.88-7.41(m,11H)
IR (cm™) 3642, 2961 ';.

10 4,.6-Di~tert-Butyl-5-Hydroxy-2,3-Dihydrobenzofuran-~2-

Spiro-1l'-Cycloheptane (Compound o

m.p. 91.6°C

Mass 344 (M)

'H NMR (60MHz, CDCl,)

15 & ppm  1.30-2.03(m,12H), 1.38(s,9H), 1.47(s,9H),
3.20(s,2H), 4.62(s,1H), 6.61(s,1H)

IR (cm™) 3646, 2927
4,6-Di-tert-Butyl-2,2-Dibenzyl-5-Hydroxy-2,h3-
Dihydrobenzofuran (Compound k)

20 m.p. 128.5°C

Mass 328(M")
'H NMR (60MHz, CDCl,)
&5 ppm 1.39(s,18H), 2.96(s,4H), 3.23(s,2H), 4.56(s,1H),
6.63(s,1H), 7.20(s,10H) |
25 IR (cm™) 3661, 2970

4 6-Di-tert-Butyl-2,2-Di-i-Propyl-5-Hydroxy-2,3-
Dihydrobenzofuran (Compound i)
Mass 332(MY)
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.Theconcentrate obtained in Reference Exanple 13 was dissolved in a
10: 3 m xed solution (550 m) of ethanol and conc. HCl and the solution
was heat ed under reflux for 2 h. After cooling, the reaction solution
was poured into water 5 and the m xture was neutralized with 1N aqueous
sodi um hydr oxi de, followed by extraction wth ethyl acetate. The
organic layer was dried over anhydrous magnesium sul fate and ¢
concentratethﬁh@ It fiHcq yas used in the subsequent reaction
without further purification. Wen part of the 10 concentrate was

subjected tg wnl ca gelogha@MErRosapHz), 1 awg(£) o pd sR0Eatomyst em

consi sting of 4:1 mxture of chlorof orm and net hanol ,

4- acet oxy- 2- anlnonettheﬁ(ﬁ,ﬂH), 3.lO(@rIprt51$¢mﬁunHM656cﬁmeénﬂm)as a
mai n product. 4- Acet oxy- 2- Ami nonet hyl -3 5-Di -tert-Butyl pheno
(colorless @Rl fcm™) 3688s 2972 293(M, 234, 191, 57 [err]H NWR
(60MHz, CDC [err]) [err] ppn1 1. 27(s 9FD 1. 37(s 9FD 2.25(s, 3H),
4.22(s,52H), 4,6 tert hlyd3Ky -G .S FRranyle

Synt hesi s of 5- Acetoxy-4 6 D -tert Butyl Fydroxybenzaldehyde
The concent r at=RiHR 4 e = e P 114 was di ssolved in a

11: 3 m xed sol ution (636 z 6f7acet{c '257 acid and wat er and, after
addi ti on of Me&Samet hyPéhélle ranlne (19.3 g, 0.11 nol), the mxture
was heated ypd r for 4 h. Subsequently, 4.5N HO (85 m) was
added and thg NR Fgé#%?ur%P Gkd heated under reflux for 20 mn. After
cool i ng,

6 ppm 1.40(s,9H), 1.47-1.94(m,14H), 1.50(s/9H),
10 3.18(s,2H), 4.67(s,1H), 6.63(s, 1H)

IR (cm™) 3660, 2933
4,6-Di-tert-Butyl-5-Hvdroxy-2,3-Dihydrobenzofuran-2-
Sgiro—4ﬁ—Tetrahzdropzran

m.p. 181.4°C

15 Mass 318(M*)

'H NMR (60MHz, CDCL,)

& ppm 1.41(s,9H), 1.50(s,9H), 1.72-1.92(m, 4H),
3.23(s,2H), 3.74-3.96(m,4H), 4.72(s,1H),
6.73(s,1H)

20 IR (cm™t) 3365, 2972
4,6-Di-tert-Butyl-2,62-Di-n-Pentyl-5-Hydroxy-2,3-
Dihydrobenzofuran (Compound x)

H NMR (2§OMHz, CDC1,)

5 ppm 0.88(t,6H), 1.30(br,12H), 1.40(s,9H), 1.49(s,9H),
25 1.62(m,4H), 3.18(s,2H), 4.66(s,1H), 6.62(s,1H)
IR (cm™) 3652, 2956

Mass 388(M*)
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.- B8 - -59- the reaction mxture was
poured into water, neutralized with 1N aqueous sodi,um hydroxi de and

subj ected to extraction with ethyl -acetate. The organic |ayer was dried
over magnesi um sulfate and concentrated. The concentrate was purified by
silica gel chromatography (chlorofornm to afford 5-acetoxy-
4,6-di-tert-butyl -2-hydroxybenzal dehyde (19.0 g). mp. 79.0[¢err] C
MBS 292(;M5. p25@ere38utdile 5Ipil VR_{;6 _ghgllerr]) 6 ppm
1. 35(s, 9H), rak E?'Qef% B '1, -b& LF&E?S 9abbky-5: 10. 67(s, 1H)
12.32(s, 1H)  phiByGeBbehzbluZ3A6(cohpBundl §§f erence Exanple 15]

Synt hesis of 4-Acetoxy-3.5-D-tert-Butyl-2-(2-Ethyl-1- But enyl ) yhenol
A sol ution of NM#ROr(@mmpe,ampdll)3 g, 8.6 mol) in tetrahydrofuran (10 m)
was added to nagnesium (0.21 g, 8.6 ng atom under a nitrogen atnosphere
to prepare & pfini gnard.82ampe6l), AL spb (hs 024WF, 5k ABID)XIH Y, 6 049 (=/9H),

but yl - 2- hydr oxybenzal dehyde (1.0 g, 3.4 mol) in tetrahydrofuran (5 m)
was addéd dropwi se tolth@-tebfemi4H) Af3ek86si2H) nt6(iilre at room

|_1

tenperature for 30 nmin, a 5:2 mixed solution (7 m) of water and conc. HO

was added to the reatfd3hsmiRdure, followed by stirring at room

tenperature for 30 m n_and subsequent extraction with
Mass 472(M")

4,6-Di-tert-Butyl-2,2-Di-n-Heptyl-5-Hydroxy-2,.3-
Dihzdrébenzofuran _ ';
10 'H NMR (270MHz, CDCl,)
& ppm 0.87(t,6H), 1.27(br,20H), 1.40(s,9H), 1.49(s,9H),
1.62(m,4H), 3.18(s,2H), 4.66(s,1H), 6.62(s,1lH)
IR (cm™) *3656, 2928
Mass 444(M")

15 4,6-Di-tert-Butyl-2,2-Di-n-Hexyl-5-Hydroxy=-2,3-

Dihzdgpbenzofuran
'H NMR (270MHz, CDCl,)
& ppm 0.87(t,6H), 1.28(br,16H), 1.40(s,9H), 1.49(s,9H),
1.63(m,4H), 3.19(s,2H), 4.65(s,1H), 6.62(s,1H)
20 IR (cm™) 3650, 2920
Mass 416(M")
[Reference Example 16]
Synthesis of 256-Di—tert-Butzl-3-Methyl-4-
Tetrahydropyranyloxyphenol
25 2,6-di~tert-butyl-3-methyl-1, 4-benzoquinone (49 g)
was dissolved in methylene chloride (300 mi) and sodium
borohydride (15 g) was added to the solution under a

nitrogen atmosphere. After adding methanol (30 ml)
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.ethyl acetate. The organic |ayer was dried over anhydrous nagnesium
sul fate and concentrated. The concentrate was purified by silica gel
chromat ography (10% et hyl acetate in n- hexane) to afford
4- acet oxy-3,5-di-tert-butyl-2-(2-ethyl- 1- but enyl ) phenol [0.85 g
(yield, 729%9] as a yellow oil. Mass 346(Merr]), 304, 289, 57
[err]H NMR (60MHz, CDCl[err]) 5 [err] ppm 0.78-1.57(m6H), ~

1.33(s, 9H) ardpwiés, 9the MiNBure was stirred for X 49( Bdided Zirddd 58H),
5.38(d, 1H), 6.17(s, 1H), 6. 87(s, 1H) [ Exanpl e 12]

Synt hesi s BE15uhdet okye dcSoling orandBusybd jEcted € hyktZacBion Mith .

Di hydr obenzof ur an 4- Acet oxy-3,5-di-tert-butyl-2-(2-ethyl-1-
but enyl ) pheebhylén&5chlolide rmoThe westdast ohasdvasheld oid tht aovater, net hane
(10 mM) and BF3 etherate (0.4 m) was added dropw se to the solution
under a ni érdgénovervaphedeous\fsedivmi sul figte 18nd the ravlverhpesit ure for 3
h, water was added to the reaction -~ mxture and extracted with ‘ethyl
acet atB. TRéStiitadteff- Theyesidpe vAsSheEsSPlived Lmtmethwlerfueous

sol ution ofhiodi en carbonate, drjed over anhydrous nagnesium

sulfate € QﬁagggﬁgggtSig;gnghéfESﬁp%ﬁ@+ﬁﬂe3méEZ%U$i¢YQEPE®r§¢Iica 20
I acet oxy- 428 BEJ) ape- BuEpTeLYSTE, Bpnynt 05 Grrgirbuehgsetionic pgidh [o. 45
g (yield, §§%>hi§§u§ep9£§ ¥%££9$ﬁogbérnight at room temperature. The
reaction mixture was washed with water, dried ofér anhydrous
10 sodium sulfate and the solvent was distilled off. The
residue was pufified by silica -gel chromatography (10% ethyl
acetate in n-hexane) to afford 2,6-di-tert-butyl-3-methyl-
4-tetrahydropyranyloxyphenol [54.4 g (yield, 81%)] as a
colorless oil.
15 Mass T 320(M%)
'H NMR (60MHz, CDC1,)
& ppm 0.8-1.9(br,6H), 1.39(s,9H), 1.56(s,9H), 3.6-
4.0(m,2H), 2.37(s,3H), 4.95(s.1H), 5.15(br,1H),
6.98(s, 1H) |
20 [Reference Example 17]

Synthesis of l-Acetoxy-2, 6-Di-tert-Butyl-3-Methyl-4-

Tetrahydropyranyloxybenzene
2,6-Di-tert-butyl-3-methyl-4-tetrahydropyranyloxy-
phenol (4.4 g) was dissolved in anhydrous tetrahydrofuran
25 (50 m1) and a n-hexane solution (1.1 eq.) of n-butyllithium
was added dropwise at 0°C under a nitrogen atmosphere.
After stirring the mixture for 30 min, acetyl chloride

(1.08 ml1, 1.1 eq.) was added and the mixture was allowed
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.Mass | 346(Merr]), 304, 57 [err]H NVMR (60MHz, CDCl [err]) -25
[err] ppm 0.80-1.79(m 10H), 1.29(s,9H), 1.37(s,9H
2.26(s,3H), 3.10(s,2H), 6.71(s, 1H)

- 60 - [ Exanpl e 13] Synt hesi s of
4,6-Di -tert-Butyl -2, 2-Di et hyl - 5- Hydr oxy- 2. 3- Di hydr obenzof ur an
(Conmpound d) ~ Lithium al um num hydride (76 ng) was suspended 5

5 atet ouy) H0QREERCL s #%yﬁ%r%t%%”gé%@% @éﬂ-t%f%df T SR
g, 0.5 mjche'f‘e&é%iénquiﬂ:ﬁ'fénwas @1“ aéﬁ@&ir%g rea@%wst he

suspensi on. After heating on mxture-

was cool edgbPutibn 6?08hﬁ8HPﬁﬁaéH18r§&Q &ﬁ&efh&aﬁlﬁ%E¥@ ﬁé§p¥ﬁ§fectéﬁter
addi ti on of 1N aqueous sodi um hydroxide (5 m), the m xture

subj ected to extraetion with di@%ﬁ¥i 6thef. TPRe OLBEPAEL was &ayﬁédwas
dried over anhydrous magnesi um sul fate and concentrated. The

concentr at eivhswptierf and bytarated Yeine 15thehr @pbé@goe@hyanRPdreasy!
acetate in n-hexane) to afford
4, 6-di -t er soBdup| sglfateetahd| tBehygdiveypt2w8sddhygtibbedzoff. Théuran [130
mg (yield, 87%] as a pale yellow oil. Mass 304(Merr]), 289,
163, 57 residue was purified by silica gel chromatography (103 ethyl
acetate in n-~hexane) to afford l-acetoxy-2,6-di-tert-butyl-
3-methy1-4-tetrahydrooyranyloxybenzene [4.09 g_é&ield,
10 82.2%)] as a colorless crystal.
Mass 362(M")
'H NMR (60MHz, CDC1,)
& ppm ‘0.8-1.8(br, 6H), 1.30(5,9H), 1.42(s,9H),
2.26(s,3H), 2.35(s,3H), 3.4-4.1(m,2H),
15 . 5.28(m,1H), 7.07(s,1H)
[Reference Example 18]
Synthesis of 4-Acetoxy-3,5-Di-tert-Butyl-2-Methylphenol
l-Acetoxy-2,6-di-tert-butyl-3-methyl-4-tetrahydro-
pyranyloxybenzene (4.09 g) was dissolved in tetrahydrofuran
20 (20 ml). After adding 10% HCl (3 ml), the mixture was
stirred at room temperature for 3 h. The reaction mixture
was poured into water and subjected to extraction with
diethyl ether. The extract was washed with 5% aqueous
sodium hydrogen carbonate and saturated brine, then dried
25 over anhydrous sodium sulfate and the solvent was distilled
off. The residue was recrystallized from n-hexane to
afford 4-acetoxy-3,5-di-tert-butyl-2-methylphenol (3.1 g)

as a colorless needle.
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.ferr]H NVMR (60MHz, CDCl[err]) 20 [err] ppm 0.92(t, 3H),

1.20-1.87(m 8H), 1.43(s,9H, 1.51(s,9H), 3.17(s,2H),
4.62(s,1H), 6.62(s, 1H) IR (cnferr]) 3663, 2975 Simlar
procedures were taken to prepare the foll owi ng conpounds. 25 4
6-D -tert-Butyl -2, 2-D -n-Propyl - 5- Hydr oxy- 2, 3- Di hydrobenzofuran
(Conmpound e) - 61 -

[err]H NVR {:5Gh . ( €0pEA ercfddl3 [err] ppm 0.92(t, 6H),

1.17-1.82(m 8H), 1.40(s, 9H), 1.49(s,9H), 3.17(s, 2H),
4.59(s, 1H), 86ppA(s, 1H..31(s,9H) R L1cades)In) 36523009,/AH) 5 2.3%kss3H),
332(Merr]) 4,6-Di-tert-Butyl-2 2-Di -n-Butyl -5-Hydroxy- 2, 3-

Di hvdr obenzof uran ( Coépdatd, 1K), 6.72(&h3E) 360(Merr]) [err]H
NVR (60MHz, CDCl[err]) 10 [err] ppm 0.90(t,6H), 1.11-1.75(m 12H)
1.41(s, 9H) [Example 14] 1.48(s,9H), 3.17(s,2H), 4.63(s, 1H),

6.61(s, 1H) IR (cn[err]) 3663 2964.
4, 6-Di5tert - BtH ACE 2y, Olye

Spiro-1'-Cycl oEent Ane (b » e%uend rr)

Sodium hydride (100 mg) was suspended in N, N-di-

1-3-Methyl-4-

methylformamide (5 ml) and a solution of 4-acetoxy-3,5-di-
tert—butyl-2—methylphenol (0.5 g) in N,N—dimetpflformamide
10 (5 ml) was added'dropwise to the suspension at 0°C. After
stirring for 20 min, propyl bromide (0.2 ml) was added and
the mixture was stirred for an additional 2 h. The reaction
mixture wés then poured into a saturated aqueous solution
of ammonium chloride and extracted with diethyl ether.
15 The extract was washed with water and saturated brine,
then dried over anhydrous sodium sulfate. The solvent
was distilled off to afford l-acetoxy-2,6-di-tert-butyl-3-
methyl-4-propyloxybenzene which was substantially pure on
TLC. It was used in the subsequent reaction without further
20 purification.
'H NMR (60MHz, CDCl,)
5 ppm l.33(s,§H), 1.45(s,9H), 1.84(m,2H), 2.27(s,3H),
2.34(s,3H), 3.87(m,2H), 6.74(s,1H)
[Example 15]
25 Synthesis of 2,6-Di-tert-Butyl-3-Methyl-4-Propyloxyphenol
(Compound u)

Lithium aluminum hydride (100 mg) was suspended

in tetrahydrofuran (5 ml) under a nitrogen atmosphere.
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15 m p. 101. 5C . Mass 302 M) [err]H NVMR (60MHz,
CDC13) 6 ppm 1. 40( §, Bpif)Sheet Hap cedl 67-2.02(m 8H),
3.43(s, 2H), 4.68(s,1H), 6.63(s,1 NHH Iluﬁ n{err]) 3644, 2979

4,6-Di -tert-Butyl - 5- Hydr oxy- 2, 3- ran- 2-
Splro 1' - cycl ohexane (Conpound n) 4.5C Mass
316(Merr]) 25 [err]H NMR (60N+E CDO [err]) : [err] ppm =
1. 20- 1. 90(n 48tk tidn 3£ Scifd) 1 -dcd¥dty 9 6-di-tert<butyl-3-methb{s- 2H) ,
4.61(s,1H), 6.61(s,1H - IR (cnmjerr]) 3650, 2934

62 - propyloxybenzen ﬂn6t£kranydrﬁwmyé32(i il pheay | added dtoxy- 2, 3-
D hydr obenzof uran (Conpound j) m p. 115. 3[err] C Nhss
400( M err] ¥he5suspérsithl MR tHEOMExt@CDEl fasriefluxed fdrr3|hppnh
1.27(s,9H), 1.48(s,9H), 4.72(s, 1H), 4.91(d, 1H, J=2. OHz),

5.26(d, 1H, satgrgEg& agueous solution of6aQQOQ1um(qmlg;§de was ad@e@ch?err])
3042, 2961the reaction mixture under ice cooling and the precipitate
was filtered off together with the anhydrous sodium sulfate.
The filtrate was concentrated and purified by silica gel
chromatography (10% ethyl acetate in n-hexane) to afford
2, 6-di-tert-butyl-3-methyl-4-propyloxyphenol (150 mg) as
10 a colorless oil.
Mass 278(M*%)
'H NMR (60MHz, CDCL,)
5 ppm #1.06(t,3H,J=6Hz), 1.45(s,9H), 1.61(s,9H),
1.80(m,2H), 2.38(s,3H), 3.85(t,2H,J=6Hz),
15 : 4;90(s,1H), 6.75(s,1H)
[Example 16] |

- Synthesis of l-Acetoxy-4-Allvyloxy-2,6-Di~tert-Butyl-3-

Methylbenzene and 1,3-Bis(4-Acetoxy-3,5-Di-tert-Butyl-2-
Mehtylphenoxy)propane
20 Sodium hydride (110 mg) was suspended in N, N-di-

methylformamide (5 ml) and a solution of 4-acetoxy-3,5-di-
tert-butyl-2-methylphenol (0.6 g) in N,N-dimethylformamide
| (5 ml) was added dropwise to the suspengion at 0°C. After
stirring for 30 min, 1,3-dibromopropane (0.36 ml) was added
25 in one portion and the mixture was stirred for an additional
2 h. The reaction mixture was poured into a saturated
aqueous solution of ammonium chloride and subjected to

extraction with diethyl ether. The extract was washed with

THIS SHEET HAS BEEH
REPLACED
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.10, 4,6-Di -tert-Butyl -5-Hydroxy-2 3-D hydrobenzof ur an- 2-

Spiro-1'-Cycl ohept ane (Conpound 0) m p. 91. 6C Mass
344(Merr]) [err]H NVMR (60MHz, CDCl[err]) 15 [err] ppm
1.30-2.03(m 12H), 1.38(s,9H), 1.47(s,9H, 3.20(s, 2H),
4.62(s,1H), 6.61(s, 1H) IR (cnferr]) 3646, 2927

4,6-Di -tert-Butyl -2, 2- Di benzyl - 5- Hydr oxy- 2, 3- Di hydr obenzof ur an
(Conpound §AdterOand sdturated bk SGhen drid@ssrer anniRfHddsergddium
[err]H NVR (60MHz, CDC [err]) [err] ppm 1.39(s, 18H), 2.96(s, 4H),

3. 23(s, 2H) sud£abésaidd)) the solvent was distH B HfifH) , ThMessildd 25 I R
(cmerr]) 3661, 2970

4, 6-Di - t erwaButlyss@leedi in- W Hpdinsthyliformaride (5 ml) and added to
Di hydr obenzof uran ( Conmpound i) Mass 332(Merr])
- 63 - a solution preparéd MVREGSORARS THUNGRIES ) escr1b§¢waq°$ﬁnn
0.92(dd, 12H, J=6. OHz) , 1.39(s,9H), 1.50(s, QF%b 2.01(m2H),
3. 10(552H) (45a5§§=§xxl=|§3,56d52(:§r§1=5>utyl -2-methylppen?l) Bebey: mpdium
4.6-Di -tert-Butyl -5- Fydrox% , 3= Exhxdrobenzof ran- 2-
hydride, 86 mg, N-dimethylformamide, 5 ml). The mixture
was allowed to warm from 0°C to room temperature and stirred
for 2 h. Subsequently, it was poured into a saturated
aqueous solution of ammonium chloride and treated as
10 described above. The residue was purified by silica gel
chromatography (10% ethyl acetate in n-hexane). The first
fraction gave l-acetoxy-4-allyloxy-2,6-di-tert-butyl-3-
methylbenzéne (370 mg). The next fraction gave 1,3-bis(4-
acetoxy-3, 5-di-tert-butyl-2-methylphenoxy)propane (200 mg).
15 1-Acetoxy-4-Allyloxy-2,6-Di-tert-Butyl-3-Methylbenzene
*H NMR (60MHz, CDCL,)
& ppm  1.30(s,9H), 14.2(s,9H), 2.25(s,3H), 2.35(s,3H),
~4.44(m,2H), 5.0-5.5(m,2H), 5.83-6.43(m, 1H),
6.72(s, 1H) |
20 1.3-Bis(4-Acetoxy-3,5-Di~tert-Butyl-2-
Methylphenoxy)propane
'H NMR (60MHz, CDCl,)

& ppm 1.32(s,18H), 1.37(s,18H), 1,85(m,2H), 2.25(s,6H),
© 2.33(s,6H), 4.12(m,4H), 6.76(s,2H)
25 [Example 17]

Synthesis of 4-Allvloxy-2,6-Di-tert-Butyl-3-Methylphenol

(Compound v)
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.Spirq-1'-Cycl ooctane (Conpound p) Mass 344(Merr])

[err]H NMR (60MHz, CDCl[err]) 6 ppm 1.40(s, 9H)

1.47-1.94(m 14H), 1.50(s, 9H), 10 3.18(s,2H), 4.67(s,1H),
6. 63(s 1H) I'R (cn[err]) 3660, 2933

4,6-Di -tert-Butyl -5- Fwdroxy , 3- Di hydr obenzof ur an- 2- : Spi ro- 4"
-Tetrahydropyran 181.4[err]C 15 Mass “
318(Merr]) 1k &éka NB-SQQ xyPbL&LLtert-but ieﬁﬁ&eﬁmgl
1.41(s,9H), 1.50(s, g?b 1¥72 gt@ % Y (s, 2H),

3. 74- 3. 96( BeAkkned4wdd( srébked as in Example 15 fo73fsod) 4-201yloky-
(cmerr]) 3365, 2972

4, 6-Di -t er @, Butlji-t2r2-butgliP8rigithiphdnokyglaldtitatively as a pale

Di hydr obenzof uran ( Conmpound Xx) Jerr]H NWVR (270MHz, CDCl[err])
[err] ppm yellowsgdi .- 6FD 1.30(br,12H), 1.40(s,9H), 1.49(s,9H), 25
1.62(m 4H), 3. 18(s 2 66(s, 1H), 6.62(s, 1H) IR (cnferr]) 3652,
2956 5 s 7868 Merr])
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'H NMR (60MHz, CDC1,)
8 ppm 1.39(s,9H), 1.58(s,9H), 2.33(s,3H), 4.84(s,1H),’
4.35(m,2H), 5.0-5.5(m,2H), 5.7-6.3(m, 1H),
6.64(s,1H) B
10 [Example 18] .
Synthesis of 1,3-Bis(3,5-Di-tert-Butyl-4-Hydroxy-2-
Methylphenoxy )propane (Compound w)
1,3¢Bis(4-acetoxy-3,5-di-tert-butyl-2-methyl-

phenoxy)propane was treated as in Example 15 to afford 1,3-

15 bis(3,5-di—tertrbutyl-4—hydroxy-2-methylphenoxy)propane as
a colorleés.crystal in 76% yield. |
Mass 512(M")

'H NMR (60MHz, CDCl,)

& ppm 1.42(s,18H), 1.60(s,18H), 2.15-2.4(m,2H),
20 2.35(s,6H), 4.06(t,4H,J=6Hz), 4.90(s,2H),
6.72(s,2H)
m.p. 120.4°C

[Example 19]

Synthesis of 3-Acetoxy-2,4-Di-tert-Butyl-6-Hydroxy-5-
25 Methylbenzaldehyde
4-Acetoxy-3,dei-tert—butyl—2—methylphenol was
treated as in Reference Example 13 or 14 or in Example 11

to afford 3-acetoxy-2,4-di-tert-butyl-6-hydroxy-5S-methyl-
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4 6-Di-tert-Butyl-2 2-Di-n-Cctyl -5-Hydroxy-2 3- Di hydr obenzof ur an

(Conmpound vy) [err]H NVR (270MHz, CDC [err]) [err] ppm
0.88(m6H), 1. 26(bs, 24H), 1.40(s,9H), 1.49(s,9H), 5

1.59-1.65(m4H), 3.18(s,2H), 4.66(s, 1H), 6.62(s, 1H)

Mass 472(Merr]) 4

6-Di -tert-Butyl-2,2-Di -n-Heptyl -5-Hydroxy-2 3- Di hydr obenzof uran
10 [err$éhﬁﬁihéﬂ QdHEs £6d1&ryellow cryst#£l rin prinoverdl BAiekd] ,
1.27(br,20H), 1. 40(s 9H), 1.49(s,9H), 1.62(m 4H),

3.18(s, 2H) ,Mds66( s, 1H92EM92( s, 1H) IR (cnferr]) 3656, 2928

Mass 444(Merr]) 15 4,6-Di -tert-Butyl -

2- Di - n- HexylH 3NMB/ dréOMHz, TDCL,) Di hydr obenzof ur an [err]H NWMR

270MHz, CDC 0.87(t,6 1.28(b 1.40 9
Aol or) 6 égrrnr]) 1.44(s ok}, 63(5@@%91'(134 V5147 b%y 95 h(asbsy ). o)

6.62(s, 1H 20 Mass 416(N[err])
[ Ref er &nce Exanple 16§ ng4(s

Tetrahydro on phenol . 2
%?¥9n§ Fﬁ?Plﬁ iggenzqu|none (49 g) was dissolved in

H), S&%tﬁ@&?sl%? 2,6-Di-tert-Butyl -3-Met hyl -

2, 6- di-ter
nethylene cm
to the sol uti
(30 m)

5~ Benzyloxy -4-tert-butyl-2- forﬁ?lbenzofuran (700 mg,

2.3 mmol) was dissolved in acetic acid (30 ml) énd, after

10 addition of 10% Pd on carbon.(700 mg), the solution was
stirred under a hydrogen atmosphere (5 atm.) for 8 h. After
filtering off the Pd on carbon, the filtrate was washed with
a saturated aqueous solution of sodium hydrogen carbonate,
dried over anhydrous magnesium sulfate and concentrated.

15 The concentrate was subjected to siliéa gel chromatography
and eluted with a solvent system consisting of a 4:1 mixture
of hexane and ethyl acetate to afford 4-tert-butyl-5-
hydroxy—2—methy1benzofuran [320 mg (yield, 68%)] as a pale
vyellow, fine-grained crystal.

20 m.p. 49.9°C

Mass 204(M"), 189

'H NMR (60MHz, CDC1,)

& ppm 1.48(s,9H), 2.29(s,3H), 4.87(s,1H),
6.43(d,1H,J=8.8Hz), 6.60(s,1H),

25 _ 6.98(d,1H, J=8.8Hz)

[Example 20]

Synthesis of 4,6-Di-tert-Butyl-5-Hydroxy-2-

Methylbenzofuran (Compound s)
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dropwi se, the mxture was stirred for 3 h, poured into 5% HC under °
I ce cooling, and subjected to extraction with nmet hyl ene chl oride. The
extract was washed with water, dri ed over anhydrous sodium sul fate and
the solvent was 5 distilled off. The residue was dissolved in nethyl ene
chloride (200 m) and, after adding 3, 4-2H di hydropyran (26 M) and a
catal ytic ampunt of paratol uenesul fonic acid; the m xture was*stirred

overni ght at 1 00Ms@BREaLYEBRIEN8ciq (1192RL) 0Nl KhikE YBBpHasEed vi th

water, dried over anhydrous 10 so lum sultate and the sol vent was
distilled @df a chi®roform 583Lt4BNRE RUtkEiHreduky1S5Lhgararl-20namRLagr aphy

(10% et hyl acetate in n-hexane) to afford 2,6-di-tert-butyl-3-nethyl-
4-t et r ahy d bepyoduyaox Y REENal, ( 34 24 mghoL))i and, t&l‘%—bu%ﬁ‘rlaalcoholCQEOU ess
oil. 15 Mass 320(Merr]) [err]H NVMR (60MHz, CDCl[err])

[err] ppm mg, 6.8 m@lhr ubder tcd3dingOkithl iTe(s, 8lfker3stirring at
4.0(m2H), 2.37(s,3H), 4.95(s.1H), 5.15(br, 1H), 6. 98(s, 1H)
20 [ Ref eld@fcorxdiFpmdni7ithe mixtureSyash@ousedf ihtAcdtexyaZer.

6-Di -tert-Butyl - 3- Met hyl - 4- Tet r ahydr opyr anyl oxybenzene

2, 6-Di -tert%ﬂthyrﬁewl Tthepeneatiraldmpda it N aqueoushsedium. 4 g) was
dlssolved I.n anh rous tetrahydrofuran and a n-hexane ..

i
sol ution (PY ideyand spiected R eXtra%na(‘j’d%é‘ gtoyhi scedets-err]C

under a ni en .at
EJ extr'“%e%hiayer was washed with a saturated aqueous

solution of sodium hydrogen carbonate, dried over anhydrous
10 magnesium sulfate and cuncentrated. The concentrate was

purified by silica gel chromatography (n-hexane) to afford

4,6~di~-tert-butyl-5-hydroxy-2-methylbenzofuran (35 mg) as

a pale yellow oil.

Mass - 260(M™), 245, 57
15 'H NMR (60MHz, CDCl,)
& ppm 1.46(s,9H), 1.61(s,9H), 2.37(s,3H), 5.07(s,1H),

6.63(s,1H), 7.27(s,1H)
IR (cm™?) 3651, 2964
[Reference Example 20]

20 Synthesis of 4-Acetoxy-3,5-Di-tert-Butyl-2-(1'-Hydroxy-

2',6',10',14'-Tetramethylpentadecyl )phenol .

A solution of 2-bromo-6,10,1l4-trimethylpentadecane
(3.4 g, 10.2 mmol) in tetrahydrofuran (15 ml) was added +to
magnesium (0.25 g, 10.2 mg atom) under a nitrogen atmosphere
25 to pfepare a Grignard reagent. A solution of 5-acetoxy-4,6-
di-tert-butyl-2-hydroxybenzaldehyde (1.0 g, 3.4 mmol) in
tetrahydrofuran (5 ml) was added dropwise to the reagept.

After stirring the reaction mixture at room temperature for
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_After stirring the mxture for 30 mn, acetyl chloride (.08 M, 1.1
eq.) was added and the m xture was allomed

- 66 - to warmto roomtenperature. After stirring for 3 h,
the reaction m xture was poured into a saturated aqueous sol ution of
ammoni um chl ori de and the m xture was subj ected to extraction with

di ethyl ether. The extract was washed 5 with water and saturated brine,

then dri ed3gVRinangydeetfated o egag@ SULELEn 208 Liifoneh vaRionagedi Sti1 | od

of f. The resi due was pur| Ica ge romat ogr ap y (10% et hyl

acet at e i nyBshgyaea) aha eﬁEOhﬂx%uesE&Qéysab edtedCtd-bity¥hction with
3-net hyl - 4-tetrahydr opyranyl oxybenzene [4.09 g (yield, 10 82.2%] as a

col orl ess etpgtiabcetate. MR8 organd62{Mer was deied HoDBR 48RMEFOUS
CDCl [err]) [err] ppm % 1.8(br,6H), 1.30(s,9H), 1.42(s,9H),
2.26(5,SFDma@n&E@smSthfaté-én&(&bﬁbkntr&ﬁed. The concéntBéte lihs
7.07(s, 1H) [ Ref erence Exanpl e 18] Synt hesi s of 4-Acet oxy- 3
5-Di -t &rt - Puryified\Vbyhglipherogel chromatography (10% ethyl acetate

1- Acet oxy-2,6-di-tert-butyl-3-nmethyl-4-tetrahydro- pyranyl oxybenzene
(4.09 @) wis ar§§§a@éd itR e&fpzfydraretany-305¢d0-APyt-patel-adiing 10% HO
(3 M), the mxture stirred at roomtenperature for 3 h. The

reaction mh¥dgeEY-2', e was' péére&etﬁﬁﬂeﬁﬁYéPe&ﬁ§d§GU}éEP@EO@o[@x@iagt|on

W th
(yield, 6%)] as a colorless oil.

Mass 486(M"), 57 . ' ‘i'
10 'H NMR (60MHz, CDCL,)
- & ppm - 0.85(4,15H), 1.02-1.95(m,22H), 1.27(s,9H),

. 1.37(s,9H), 2.23(s,3H), 2.95(d,1H,J=3.4Hz),
*5.08(dd, 1K, J=3.4Hz, J=9.6Hz), 6.73(s,1H),
7.88(s,1H)
15 [Example 21]
Synthesis of 4,6-Di-tert-Butyl-5-Hydroxy-2-Methyl-2-

(4',8'.12'-Trimethyltridecyl)-2,3-Dihydrobenzofuran
4-Acetoxy-~3,5~di-tert-butyl-2-(1'-hydroxy-

2',6',10',14'~tetramethylpentadecyl )phenol (0.11 g,
20 0.2 mmol) was dissolved in dichloromethane (5 ml) and BF,
etherate (0.2 ml) was added dropwise to the solution.under
a ﬁitrogen atmosphere. After stirring the mixture at room
temperature for 24 h, water was added and the mixture was
subjected to extraction with ethyl acetate. The extracted
25 layer was washed with a saturated aqﬁeous solution of sodium
hydrogen carbonate, dried over anhydrous magnesium sulfate
and concentrated. The concentrate was dissolved in tétra—

hydrofuran (3 ml) and added dropwise to a suspension of
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diethyl ether. The extract was washed mnth 5% aqueous sodi um hydr ogen
carbonate and saturated brine, thenT'F eml cednhydr ous sodi um

sul fate and the sol vent was distllled e residue was
recrystallized from n-hexane to

4- acet oxy-3,5-di-tert-butyl - 2- nethylphenol (3 1 g) as a colorless
needl e. - 67 - [err]H
NVR (60MHz, 1 &3 Unerd Juminum hy[d@:&rde RAd mg) Js.rﬁl&e%r@ﬂydrbf%é(a% QU m1)
2.30(s,3H), 2.35(s, 3H, 73(s,1H), 6.72(s, 1H)

[ Exanpl e 14]nddr a nlt&;dgé”resﬁudﬁpribr@.ﬂ O&fyta?i:' &*d?ﬂl-d:ﬁrdg Bty 12- 3, Mty | - 4-
pr opyl oxybenzene Sodi um hydride (100 ng) was suspended in

N, N- di - nixtmetdwiromoliat: & rdom drehperstiute and fwatear etasx \adslest di -

tert-butyl-2-nmethyl phenol (0.5 g) in N, Ndinethylformam de 10 (5 m) was
added dr opwizepwise he AitgreddimatlN[ayudads sifdiam hydrowide r(iShgndflor 20
mn, propyl bromde (0.2 mM) was added and " the m xture was stirred
for an additheraixbure Wi suRiegtrd to extyagiian weisth Hideuk &theno a
sat ur at ed aqueous sol utjon of amoni um chl oride and extracted with

di et hyl et hER® OHGANIGHLAYSE RS 4%%?4%8%&%1QRWYPWQH%Hm%QﬂF%ﬁﬁﬂu%ﬁkﬁ??ﬁine
then dried over anh od| n1su|fate The sol vent was dJStI||ed
off to affoPH 15 %%%/%ﬁ&aée eercfmbciﬁ%ﬁras € was urifiea by Sifl
gel chromatography (n-hexane) to afford 4,6-di-tert-butyl-5-
hydrcxy—z-methyl-z-(4',8',12'-trimethyldecyl)-Z;S—dihydro—
10 benzofuran [54 mg (yield, 56%)] as a colorless oil.
Mass 486(M°), 471, 149, 57 |
'H NMR (270MHz, CDCl,)
& ppm *+0.83~-0.88(m,12H), 1.08-1.64(m,18H), 1.36(s,3H),
1.41(s,9H), 1.49(s,9H), 3.14(4d,1H,J=15.7Hz),
15 3.27(d4,1H,J=15.7Hz), 4.68(s,1H), 6.63(s,1H)
IR (cm™) 3656, 2956
[Reference Example 21]
Synthesis of 4-Acetoxy-3,5-Di-tert-Butyl-2-(2,2-

Diisoamyl-1-Hydroxyethyl )phenol
20 Lithium (2.8 g) was added to a solution of 5-

acetoxy-4,6-di~-tert-butyl-2-hydroxybenzaldehyde (24.3 g)
and 5-bromo-2,8-dimethylnonane (47;0 g) in tetrahydrofuran
(200 ml) under ice cooling under a nitrogen atmosphere and
the mixture was stirred overnight. The reaction mixture was
25 poured into ice water, neutralized with a saturated aqueous.
solution of ammonium chloride and subjected to extraction
with diethyl ether. The extract was washed with saturated

brine, dried over anhydrous magnesium sulfate and the

THIS SHEET HAS BEEN
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met hyl - 4- propyl oxybenzene whi ch was substantially pure on TLC. It was
used in the subsequent reaction w thout further 20 purification.

[err]H NVMR (60MHz, CDCl[err]) [err] ppm 1.33(s,9H), 1.45(s, 9H)
1.84(m2H), 2.27(s, 3H), 2.34(s,3H), 3.87(m2H),

6. 74(s, 1H) [ Exanpl e '15] 25 Synt hesi s of

2,6-Di -tert-Butyl -3-Met hyl - 4-Propyl oxphenol (Conmpound u) =«

Li thium al e@lRenthwas dasti@@eaubewas gHaPeRdedue was phpikebgabydrof uran
(5 m) under a nitrogen atnosphere. -

68 - silica gel chromatography (10%68thyA sekthiteniff nthexane)
1-acetoxy-2,6-di-tert-butyl-3-nethyl-4- propyl oxybenzene in

t et r ahydr oftar &f fc&drid)-agetoxya8d St-di -tee tsbapgisize 2arddtiieoanylule was
refluxed for 3 h. A saturated aqueous sol ution of amroni um chlori de was
added to hiydnaxyethyd Jphengde [AAd6r gi cyiedd|i 4§%addashe podorpesate was
filtered off together with the anhydrous sodiumsulfate. The filtrate was
concenbrat & land purified by silica gel chromatography (10% ethyl acetate
i n n-hexane)_to affgrd 2,6-di-tert-butyl - 3- net hyl - 4- propyl oxyphenol (150
mg) as a cofoflBs§oBMHZ, KBGL:) 278(Merr]) [err]H NVR (60Mz,

T80(m 2H) . S BR s 5P+ 80 dat (it T b7 (& 13, " Loasle 35, 7
1.37(s,9H), 2.24(s,3H), 3.51(br,1H), 5.19(4,1H),
6.72(s,1H), 7.92(s,1H)

10 Mass 448(M") -
[Example 22]

Synthesis of S5-Acetoxy-2,2-Diisoamyl-4,6-Di-tert-Butyl-

2,.3-Diktydrobenzofuran

BF; etherate (4.7 ml) was added dropwise to a

15 solution of 4-acetoxy-3,5-di-tert-butyl-2-(2,2-diisoamyl-1-
hydroxyethyl)-phenol (17.0 g) in dichloromethane (200 ml)
under cooling_with ice under a nitrogen atmosphere. After .
stirring fhe mi#ture overnight at room temperature, a
saturated aqueous solution of sodium hydrogen carbonate was

20 added. After separating the organic layer, the aqueous
layer was subjected to extraction with dichloromethane.

The extract was combined with the organic layer, washed
with saturated brine, dried over anhydrous magnesium sulfate
and the solvent was distilled off to afford 5-acetoxy-2,2-

25 diisoamyl-4,6—di-tert-butyl-2,3—dihydrdbenzofuran [15.5 ¢

(yield, 95%)] as a colorless oil.
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4.90(s, 1H), 6.75(s,1H) [Exanple 16] Synt hesi s of

1- Acet oxy-4-Allyloxy-2,6-Di-tert-Butyl-3- Met hyl benzene and

1, 3-Bi s(4-Acetoxy-3,5-Di-tert-Butyl -2- Meht yl phenoxv ) propane
Sodi um hydride (110 ng) was suspended in N, Ndi- nmethylformamde (5 ml)
and a solution of 4-acetoxy-3,5-di- tert-butyl-2-nethyl phenol (0.6 g) in
N, N-di net hyl formam de (5 m) was added dropw se to the suspension -at
Oferr]C AﬁheNMngnghgg EBE13P mn, 1,3-dibronmopropane (0.36 nl) was added
in one portion and the m xture was stirred for an additional 2 h. The
reaction nigtggee Was @ 12M)Q a .oat-ur.aB¢d, 1@gycous 280kyvHon of amoni um
chloride and subjected to extraction with diethyl ether. The extract was
washed with 1.35(sydr, andsgat, BHt,ed .BAi(ise 2H)he b . 67i( sd 1é\)er
anhydrous sodium = sulfate and the solvent was distilled off. The

resi due IR v i) s2A56d 164\, N- di net hyl f ormami de (5 m) and added to

a solution prepared in the sane manner as descri bed above 5

(4- aced oxy-MpsSs di - t erd3HE'Y| - 2- net hyl phenol, 0.4 g;. sodi um hydri de, 86
ng; N, N-di nethylformamde, 5 m). The m xture was allowed to warm from
O[err] C t olF®PRI®d2} at ure and stirred for 2 h. Subsequently, it was
poured into a sa% ' jon.of a nij hlori de and
treated as 18YRLHBSEP Bed<abovt SO FesP® L= HEEL BRY PSP EYea ge
chronatograph& g; The first fraction

gave 1-acet oxy- '
Lithium aluminum hydride (1.90 g) was suspended

10 in tetrahydrofuran (200 ml) under a nitrogen atmosphere.
A solution of 5-acetoxy-2,2-diisocamyl-4,6-di-tert~butyl-
2,3-dihydrobenzofuran (17.4 g) in tetrahydrofuran (60 ml)
was added &ropwise to the suspension under'cooling with
ice. After heating under reflux overnight, the mixture

is was cooled to room temperature and water and a saturated-
agueous solution of ammonium chloride were added in that
order. The resulting insolubles Were filtered off on
Celite. The fil£rate was subjected to extraction with
diethyl ether, washed with saturated brine, dried over

20 anhydrous magnesium sulfate and the solvent was distilled
off. The residue was purified by silica gel chromatography
(n-hexane) to afford 2,2-diisoamyl-4,6-di-tert-butyl-5-
hydroxy-2,3-dihydrobenzofuran [9.0 g (yield, 57%)] aé
a colorless oil.

25 'H NMR (270MHz, CDCl,)

5 ppm 0.89(d4,12H), 1.19-1.69(m,10H), 1.41(s,9H),
1.49(s,9H), 3.17(s,2H), 4.66(s,1H), 6.62(s,1lH)
IR (cm™') 3652, 2956 |
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met hyl benzene (370 ng). The next fraction gave 1, 3-bis(4-
acetoxy-3,5-di-tert-butyl -2-net hyl phenoxy) propane (200 ng). 15

1- Acet oxy-4-Al lyloxy-2 6-Di -tert-Butyl -3-Methyl benzene [err]H NMR
(60VHz, CDCI[err]) [err] ppm 1. 30(s, 9H), 14.2(s,9H) 2.25(s, 3H),
2.35(s, 3H), 4.44(m 2H), 5.0-5.5(m2H), 5.83- 43(m1H)
6.72(s,1H) 20 1, 3-Bi s(4-Acetoxv-3,5-Di-tert-Butyl -

Met hyl phenawya#®r oyanesgg(m*) [err]H NVR (60MHz, CDCl[err]) [err] ppm
1.32(s,18H), 1.37(s,18H), 1,85(m2H), 2.25(s, 6H),

2.33(s, 6H) [EXani@ en24) , 6. 76(s, 2H) 25 [ Exanpl e 17] Synt hesi s
of 4-Allyloxy-2,6-Di -tert-Butyl-3-Mthyl phenol (Conmpound v)

- 70 - Synthesis of 4,6-Di-tert-Butyl-5-Hydroxy-2,63-

1- Acet oxy-4-all yl oxy-2,6-di-tert-butyl -3-nethyl - benzene was treated
as in Exanpl egﬁu@gw| | yl oxy-

2,6-di-tert- butyl
5 Mass 1) '

[err] ppm 1.39(s 58(s, 9H) 2. 33(s 3H) 4 84(s, 1H)
4.35(m 2H), 5—&&&23—25&—%—? . sode7 ¢ 3(m 1H),

4—Acetoxy-3,5—d1-tert-butyl-2-(2-propenyl)phenol

3- nethylphenol quantltatlvel as alpale yel l ow oi | .

(30 g) and potassium carbonate (13.8 g) were dissolved
in acetone (300 ml) and, after addition of methyi-iodide

10 (28 g), the solution was stirred for 24 h. After cooling,

the reaction mixture was concentrated under reduced pressure
and water was added. The mixture was then subjected to
extraction ‘with ethyl acetate and the organic layer was
washed with water and saturated brine, dried over anhydrous

15 magnesium sulfate and concentrated. The concentrate was

purified by silica gel chromatography (10% ethyl acetate
in n-hexane) to afford 4-acetoxy-3,5-di-tert-butyl-2-(2-
propenyl)anisole (31 g) quantitatively.

'H NMR (270MHz, CDCl,)

20 5 ppm 1.34(s,9H), 1.43(s,9H), 2.30(s,3H),
3.63-3.68(m,2H), 3.78(s,3H), 4.88-5.02(m,2H),
5.89-6.02(m,1H), 6.83(s,1H)

Mass 318(M*)

2) Synthesis of 4-Acetoxy-3,5-Di-tert-Butyl-2-

25 Formylmethylanisole
4-Acetoxy-3,5-di~tert-butyl-2-(2-propenyl )anisole
(19 g) was dissolved in a 1:1 mixture (200 ml) of tetra-

hydrofuran and water. After adding osmium tetroxide

- 78 -



6.64(s,1H 10 [ Exanpl e 18] Synt hesi s of

1,3-Bis(3,5-Di-tert-Butyl -4-Hydroxy-2- Met hyl phenoxy) prr opane

( Conpound w) 1, 3-Bi s(4-acetoxy-3,5-di-tert-butyl -2-nethyl -
phenoxy) propane was treated .as in Exanple 15 to afford 1,3- 15

bi s(3,5-di-tert-butyl -4-hydroxy-2-net hyl phenoxy) propane as a
colorless crystal in 76%yield. Mass 512(Merr]) [err]H
NVR ( 60MHz ¢ o CDSI é‘?réﬂx& sodlum[ﬁ‘éfiom (2619 ?215 B Imi 2668 svaBH) |
2.15-2.4(m 2H), (s, 6H), 06(t, 4H, J=6Hz), 4.90(s, 2H),

6. 72(s, 2FDst1rred atproom teﬂé@&é&&ié]ﬁbr 48 h. [ xewed ecHdlend of the
Synthesis of 3-Acetoxy-2.4-Di-tert-Butyl-6-Hydroxy-5- 25

Met hyl benzakdebydr, a saturated adudoes oxyldtionlicf esddiun ythibse: fetehenol

was treated as in Reference Exanple 13 or 14 or in Exanple 11
to afford Basceddag-2nd-the tmrixtine yWwas- syhljexyed-netewtraction with
- 71 - benzal dehyde as a pale yellow crystal in 7% overal

yield.5  ethudsacetateognd(the]|grganic|bayeH R (STME  wiHT faveT)
Lerr] ppmand éaﬁéggtggbbr%ngo(drigg oge§7égh$g20u§ gﬁégeétﬂm sulfate
and concentrated. The concentrate was purified by silica
gel chromatography (25% ethyl acetate in n-hexane) to afford
4-acetoxy-3,5-di—tert-butyl-z-formylmethylaniso}% [16 g
10 .(yield, 83%)].
*H NMR (60MHz, CDCl;)
5 ppm 1.36(s,9H), 1.40(s,9H), 2.30(s,3H), 3.77(s,3H),
*3.87(bs,2H), 6.89(s,1H), 9.63(bs,1lH)
Mass 320(M*) |
is  3) Sygtheéis of 5-Acetoxy-4,6-Di-tert-Butylbenzofuran
4~Acetoxy-3,5-di-tert-butyl-2-formylmethylanisole
(16 g) was dissolved in dichloromethane (100 ml) and tri-
methylsilyl iodide (7.1 ml) was added dropwise to the
solution under cooling with ice. After stirring the mixture
20 at room temperature for 1 h, a saturated agueous solution of
sodium thiosulfate was added and the mixture was subjected
to extraction with chloroform. The organic layer was
washed with water and saturated brine, dried over anhydrous
magnesium sulfate and concentrated. The concentrate was
25 purified by silica gel chromatography (10% ethyl acetate in
n-hexane) to afford 5-acetoxy-4,6-di~tert-butylbenzofuran

quantitatively (14.3 g) as a white solid.
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5 : 10. 54(s, 1H), 12.66(s, 1H) [ Ref erence Exanpl e 19]
Synthesis of 4-tert-Butyl-5-Hydroxy-2- Mt hyl benzof uran

5- Benzyl oxy-4-tert-butyl -2-fornyl benzofuran (700 ng, 2.3 mmol ) was

di ssolved in acetic acid (30 m) and, after 10 addition of 10% Pd on
carbon (700 ng), the solution was stirred under a hydrogen atnosphere
(5 atm) for 8 h. After filtering off the Pd on carbon, the f4ltrate
was washed 3 R (2708m2at ebetigfl aqueous sol ution of sodium hydrogen

car bonat e, dri ed over anhydrous magnesi um sul fate and concentrat ed.

15 The cong e at e vxa.ssgqg)jgzp;,edl__tsz:(sg,lg'mﬁ gaa.lssa(rg,@m)t,ography and
eluted with a solvent system consisting of a 4:1 m xture of hexane
and ethyl acetate to &f9®fdl, ¥H,3+2-3HH )] -B-46(s, 1H),
hydr oxy- 2- met hyl benzofuran [320 ng (yield, 68%] as a pale yel | ow,
fine-grained crystal .7.2%4d, ¥ pI=2.3Hz) 49. 9[err]C Mass
204(Merr]), 189 &%rr]H NVR (60MHz, CDC [err]) [err] ppm
1. 48(s,9H) ,Mas99( s, 3HE88W97(s, 1H), 6. 43(d, 1H, J=8. 8Hz),
6.60(s, 1H), 25 6.98(d, 1H, J=8. 8Hz) [ Exanpl e 20]
Synt hesi s of-B: 6-Di - t&ftZHat yl - 5- Hydr oxy- 2- Met hyl benzof ur an
( Gonpound 23 Synthesis of 4,6-Di-tert-Butxl—S-szrbx%%ehzofuran
(Compound r)
Lithium aluminum hydride (1.31 g) was suspended
10 in tetrahydrofuran (150 ml) under a nitrogen atmosphere.
A solution of 5-acetoxy-4,6-di-tert-butylbenzofuran (10 g)
in tetrahydrofuran (100 ml) was added dropwise to the
suspension ‘under cooling with ice. After heating under
o reflux for 3 h, the mixture was cooled to room temperature
15 and, after addition of water and 10% aqueous HC1l (100 ml),
the mixture was subjected to extraction with ethyl acetate.
The organic layer was dried over anhydrous magnesium sulfate
and concentrated. The concentrate was purified by silica
gel chromatography (10% ethyl acetate in n-hexane) to afford
20 4,6-di-tert-butyl-5-hydroxybenzofuran [8.3 g (yield, 98%)].
5) Synthesis of 4,6-Di-tert-Butyl-5-Hydroxy-2,3-
Dihydrobenzofuran (Compound a)

4,6-Di-tert-butyl-5-hydroxybenzofuran (6.0 g) was

dissolved in acetic acid (50 ml). After addition of 10% Pd
25 on carbon (5.0 g), the solution was stirred under a hydrogen

atmosphere (4 atm.) for 15 min. After filtering off the

Pd on carbon, the filtrate was concentrated under vacuumn.

The concentrate was purified by silica gel chromatography
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Met hanesul fonic acid (1.2 m) was added dropw se to a chloroform
solution of 4-tert-butyl-5-hydroxy-2-nethyl - benzofuran (250 ny, 1.2
mol ) and tert-butyl al cohol (500 ng, 6.0 mmol ) under cooling with
ice. After stirring at . 5 O[err]C for 15 min, the mxture was poured into
I ce water. The m xture was then neutralized with 1N aqueous sodi um
hydr oxi de and subjected to extraction with ethyl acetate. The

extracted | Bygro¥Rpl asdieskd i) A ildHAf W4 6-di -YUAHIRLL

sodlun1hydrogen carbonate, dried over anhy rous nagne5|un1sulfate and
concent r at $chydddvey CP - K oN@Szo furan P 4 'gact)}?béliﬂ i Yelas
chronatography (n- exane) to afford

4, 6-di -t erd - ool ytidsdy of iney-Framidy | dgrgedr an (35 ng) as a pale

yel l ow oil . Mass 260(Merr]), 245, 57 15 [errH NMR ( 60MHz,
CDCl [err])[Example[25}] ppm 1.46(s,9H), 1.61(s,9H), 2.37(s, 3H),

5.07(s, 1H), 6.63(s,1H), 7.27(s, 1H) IR (cnferr])
3651, 2964  SynthpmdSeofindebERinfientsButy265-HydrSyvtBe@ctyhi2, 3~

4- Acet oxy-3,5-Di-tert-Butyl-2-(1"-Hydroxy-

2',6',10' . 14' Pibydzebenapfurendecyl| ) phenol A sol ution of

2- bronD 6, 10, 14- trlnethylpentadecan ) 10.2 mmol ) in
tetrahydro}br.- 1ESH 0S5 $¥-r8-25"g, 10.2 ng atom

under a nltro na re n? to prepare'a Gignard reagent. A

sol ution of 5=§E@?@5§9%9%H£§— di -tert-butyl -2-hydroxybenzal dehyde (1.0
g, 3.4 mol) in h d o; t he
reagent. Af ?hosgl{l?%é?n%&%%fégg%% %ﬁ%%ure a?g?%(i){# %%eérvgleér%t ure for
- 73 10 to N,N-dimethylformamide (0.4 g) under cooling with ice

and, subsequently, a solution of 5-acetoxy-4, 6-di-tert-
butylbenzofuran (1.0 g) in N,N-dimethylformamide (2 ml)
was added dropwise. The mixture wés stirred first at room
_ temperature for 20 min, then under heating at 80°C for

15 75 min. After cooling, the reaction mixture was poured
into water and subjected to extraction-ethyl acetafe. The
organic layer was washed with water and saturated brine,
dried over anhydrous magnesium sulfate and concentrated.
The concentrate was purified by silica gel chromatography

20 (10% ethyl acetate in n-hexane) to afford 5-acetoxy-4,6-
di—tert-bqtyl-z-formylbenzofuran [0.95 g (yield, 86%)] as
a colorless, fine-grained c:yétal.

H NMR (60MHz, CDCL,)

5 ppm 1.40(s,9H), 1.54(s,9H), 2.37(s,3H), 7.57(s,1H),
25 7.83(s,1H), 9.88(s,1H)

Mass 316(M*)

m.p. 159.9°C
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30 mn, a saturated aqueous solution of ammonia chloride was added and

the m xture was subjected to extraction with ethyl acetate. The
organi c | ayer was dried over anhydrous magnesi um sul fate and
concentrated. The concentrate was 5 purified by silica gel

chr omat ogr aphy (10% et hyl acetate in n-hexane) to afford

4-acetoxy-3,5-di-tert-butyl-2-(1"-

hyd 2 t . ield,
Gg;o]rogg a cgl sh8entdis! B ATREDYLAGNL ageh ngl, 9- % [eﬁ’ia NVR

(60MHz, CDA [ gftbhvi benzoEﬁE&h ppm 0.85(d, 15H), "1.02-1. 95(m 22H),
1.27(s, 9H), “_‘_1‘1—_‘"—1— 37(s,9H), 2.23(s,3H), 2.95(d, 1H, J=3. 4Hz),
5.08(dd, 1H, J=3. 4H&, deRt&hE) soPut¥Bbs. 4600 ml) of 1.6 M n- buﬁ&fﬁﬁﬁhﬂ&ﬂ 15
[ Exanpl e 21] Synthesis of 4,6-Di-tert- Butyl 5- Hydr oxy- 2- Met hyl -
(4'.8".12' wdsi gaasyl dropecyd ) td, 3- £hrufkémmwﬁcﬁ+méﬁmy1tr1pheny1-
4-Acetoxy-3,5-di-tert-butyl-2-(1'-hydroxy-

2',6',10 , pHosphonsurt hybpbdée atiécy| § phemote€faliidapfudn (30 1 aindens
di ssolved in dichloronethane (5 m) and BFferr] etherate (0.2 n) was

. added drop&i Bétroggeheatobspheneunddfter stipring rooe mittwsd it gogft er '
stirring the m xture at room tenperature for 24 h, water_ was added
and the ni keuperagyre for gngbEteﬂ solekioncef o e OBt 6 okt &€@%L- The
extracted _ 25 s washed with a saturated aqueous_sol utjon of

S o e ity ar e b ermY b aBAGrET R | Scohea) LArCHE FEgesn 20 Th) o

was added dropwise. Subsequently, the mixture Was heated

10 under reflux for 1 h and, after cooling, a saturated aqueous
solution of ammonium chloridenwas added and the mixture was
subjected to extraction with ethyl acetate. The organic
layer was wWashed with water'and saturated brine, dried
over anhydrous magnesium sulfate and concentrated. The

15 concentrate was purified by silica gel chroﬁatography
(10% ethyl acetate in n-hexane) to afford 5-acetoxy-4,6-
di-tert-butyl-2-(l-octenyl)benzofuran [3.1 g (yield, 97%)]}
és a colorless oil.

'H NMR (60MHz, CDCL,)

20 5 ppm 0.88(t,3H), 1.15-1.54(m,8H), 1.37(s,9H),
1.48(s,9H), 2.31(s,3H), 2.51(m,2H), 6.10(m,1H),
6.27(m,1H), 6.67(s,1H), 7.33(s,1H)

Mass - 398(M")
3) Synthesis of S5-Acetoxy-4,6-Di-tert-Butyl-2-
25 Octylbenzofuran
5-Acetoxy-4, 6-di-tert-butyl-2-(l~-octenyl )benzofuran
(3.1 g) was dissolved in ethyl acetate containing 10%

acetic acid (50 ml) and, after addition of 10% Pd on carbon
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and concentrated. The concentrate was dissolved in tetra- hydr of ur an
(3 mM) and added dropw se to a suspension of

- 74 - - 75 - lithiumalum num hydride (10
ng) in tetrahydrofuran (2 m) under a nitrogen atnosphere. After refl uxing
for 2 h, the mixture was cooled to roomtenperature and water was added
dropw se. After adding 1N aqueous sodium hydroxide (5 m), the mxture

was subj ectgdst )eXEh@CEbQGthEhwgéeEQﬂ:rS&h@ﬁderTg'eh B8Ges L8NHEE-Vas
dri ed over anhydrous magnesium sulfate and concentrated.” The concentrate

was purifipflel¥ Foki Gah.gehfeBrorRl @aEaRGY o8- BREARE) oh OcaiboRd the
4,6-di-tert-butyl-5- hydroxy-2-nethyl-2-(4" , 8,12 -trlnethyltrldecyl

) - 2, 3- di hydiotraktenwakutanckh4ragedyuatidr GS%hmas fhé obontensrate. Mass
486(N[err]), 471, 149, 57 [err]H NWR (270MHz, CDCl[err]) 6 ppm

0. 83-0. 88( mak2idurifies- byc4idit8Hpell cBEbmaBblyraphy (10% ethgldaceratip,
1.49(s,9H), 3.14(d, 1H,J=15. 7Hz), 3.27(d, 1H, J=15. 7THz)

4. 68(splH) incnchexand) to| RffomfebrpretoBy -42654i-Faetebuhyb-Exaapyd-21]
Synt hesis of 4-Acetoxy-3, 5-Di-tert-Butyl-2-(2,2-

Di |soanyl-PBH$@ﬁ@%F@tﬂ}IPﬁhgnéW131d 96 Lﬂtﬁﬁuﬁ]FQlerb?sﬁanédded to a

sol ution of E%SX -4, 6- d|-tert butyl - 2- hydr oxybenzal dehyde (24.3 g)
and 5- br ono- § %Mﬁl ?noﬂ%9%3(47 0 g) in tetrahydrofuran (200 nml) under

' ce cooling “%%?nr 2 Nig! 53987 38 ™PIPE919.8%¢n, 120), 1.35(s, om),

1.47(s,9H), 2.29(s,3H), 2.70(t,2H,J=7-0Hz),
10 6.56(s,1H), 7.35(s,1H)
Mass 400(M")
4) Synthesis of 4,6-Di-tert-Butyl-5-Hydroxy-2-
Octylbehzofuran
Lithium aluminum hydride (0.26 g) was suspended
15 in tetrahydrofuran (50 ml) under a nitrogen atﬁosphere and -
a solutioq of 5-acetoxy-4,6-di-tert-butyl~2-octylbenzofuran
(2.7 g) in tetrahydrofuran (20 ml) was added to the suspen-
sion under cooling with ice. After heating under reflux for
3 h, the mixture was cooled to room temperature and water
20 was added dropwise. After adding 10% aqueous HC1l (50 ml),
the mixture was subjected to extraction with ethyl acetate.
The organic layer was dried over anhydrous magnesium sulfate
and concentrated. The concentrate was purified by silica
gel chromatography (10% ethyl acetate in n-hexane) to afford
25 4,6-di-tert-butyl-5-hydroxybenzofuran [2.2 g (yield, 92%)]

as a colorless oil.
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the m xture was stirred overnight. The reaction m xture was poured into
ice water, neutralized with a saturated agqueous solution of amoni um

chloride and subjected to extraction wth diethyl ether. The extract was
washed with saturated brine, dried over anhydrous magnesi um sul fate and

the . solvent was distilled off. The residue Was purified by
silica gel chromatography (10% et hyl acetate in n-hexane) to afford
4- acet oxy- 33f- ﬂMRtesthu;ytgélgﬂ 2-di i soanyl - 1- hydr oxyet hyl ) phenol
[17.0 g (yield, 46%] as a colorless 5 oil. [err]H NVMR (60MHz, -

CDCl [err]) & ppm [err]o.g80t,3H)Q. 8020-3163 (a1 HRH)Q. 87@8(&26HH,),1. 25(s, 9H),
1.37(s,9H), 2.24(s,3H), 3.51(br,1H), 5.19(d, 1H),

6.72(s,1H), 7.92(s, 1H1.60ds,9HVhsL.67(t,2830M7e0HE)), 5.03(sEi#lpl e 22]
Synt hesi s of 5-Acetoxy-2 2-Diisoanyl-4,6-Di-tert-Butyl-

2. 3-Di hydrobenzofuran 6.58(s,1H), 7.BR[(e.AH)etherate (4.7 nm) was added
dropwise to a 15 sol ution of

4- acet 0>8/- 3. MASH -t er t IEW) 2- (2, 2-'di i soanyl - 1- hydr oxyet hyl ) - phenol
(17.0 g) in 'dICH ogon%tb? 2220 m) under cooling with ice under a
ni trogen at mos 3 stlrrlng the m xture overnight at room

t enper at ur
car bonat e 3%% Sy

es
| ayer was subjg §£§8r88e8§éﬁéféhoﬂg$&éngécgﬂOrO”Etha”e

PTriethylsilane (17.4 ml) was added to 4,6-di-tert-

agueous

10 butyl-5-hydroxy-2-octylbenzofuran (2.2 g) and trifluoro-
acetic acid (8;7 ml) was added dropwise to the mixture
under cooling with ice. After stirring at 0°C for 1 h,
the mixturé was poured into ice water and subjected to
extraction with ethyl acetate. The organic layer was

15 washed with a saturated aqueous solution of sodium hydrogen
carbonate, dried over anhydrous magnesium sulfate and
concentrated. The concentrate was purified by silica gel
chromatography (n-hexane) to afford 4, 6-di-tert-butyl-5-
hydroxy-2-octyl-2,3-dihydrobenzofuran [0.6 g (yield, 27%)].

20 [Reference Example 22]

Synthesis of 4-Acetoxv-2-Acetonyl-3,5-Di-tert-

Butylanisole
Palladium chloride (2.96 g) and copper chloride
(16.5 g) were added to a solvent system (88 ml) consisting
25 of a 7:1 mixture of N,N-dimethylformamide and water under
an oxygen atmosphere and the resulting mixture was stirred
at room temperature for 1 h. Subsequently, a solution of

4-acetoxy-3,5-di~tert-butyl-2-(2-propenyl )phenol (53.2 g)
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The extract was conbined with the organic | ayer, washed W th

saturated brine, dried over anhydrous magnesi um sul fate and t he
solvent was distilled off to afford 5-acetoxy-2,2- 25

di i soanyl -4,6-di-tert-butyl -2, 3-di hydrobenzofuran [15.5 ¢ (yield,
95% ] as a colorless oil. - 76 -
[err]H NMR (60MHz, CDCl[err]) [err] ppm 0.87(d, 12H),

1. 04- 1. 93(in 1MHolde8(sytén (48 ml) consistingl @b, TH) mixQEe )
3.14(s,2H), 6.67(s, 1H) IR (cnferr]) 2956, 1764 5 Mass

430(M err]y,N- dimeymykﬁgw piz]je and wateqsmanQQQ9Qﬁaqg the resultlng
2-Diisoanyl-4,6-Di -tert-Butyl -5-Hydro %ﬂ) nzofuran

( Conpound Bjxture was Stlr{?@rﬂtuﬁgﬁmnﬁﬁﬂﬂﬁqﬂﬁﬂq%k;?ﬁ. qg t%spended

10 hydr of 200 d

sol ut on oFhe. desiabythe StepeEhdny [ vater jrag ciadel i "R Féaction

2, 3-di hyd b f 17. 4 dded
it opwi o8 1 BUERGTR < FBACH ree et ST AEHal The SRerddulid e olfipr B0CC
under reflgéﬁgggénlg@£ éPSaHlétfqgerléas %@q&?ggfﬁhféPn&ﬁ hperature

and wat er satura €ous So moni um chl ori de were
added in tPatyrated brine, dried over anhydrous magnesium sulfate and

concentrated. The concentrate was purified by silica gel
chromatography (éS% ethyl acetate in n-hexane) to afford 4-
10 acetoxy-z-acetonyl-3,S-di-tert-butylanisoie [33 g (yield,
59%)] as a colorless, fine-grained crystal.
'H NMR (270MHz, CDCl;) |
5 ppm “]1.34(s,9H), 1.40(s,9H), 2.20(s,3H), 2.31(s,3H),

3.74(s,3H), 3.90(4,1H,J=7.8Hz),

15 4.02(d,1H, J=17.8Hz), 6.83(s,1H)
Mass 334(M")
m.p. 133.2°C

[Reference Example 23]

Synthesis of 4-Acetoxy-2-[4-(1,3-Dioxa-2-Cyclopentyl)-2-
20 szroxz—Z-Méthzlbutzl|-3,S-Di-tert-Butzlanisole
A solution of 2-(2-bromoethyl);1,3-dioxane (50 g)

in tetrahydrofuran (200 ml) was added to magnesium (6.6 g)

under a nitrogen étmosphere to prepare a Grignard reagent.

A solution of 4-acetoxy-2-acetonyl-3,5-di-tert-butylanisole
25 in tetrahydrofuran (200 ml) was added dropwise to the

reagent. After stirring the mixture at room temperature for

3 h( a saturated aqueous solution of ammonium chloride was

added and the resulting mixture was subjected to extraction
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~order. The resulting insolubles were filtered off on Celite. The

filtrate was subjected to extraction with di ethyl ether, washed with
saturated brine, dried over 20 anhydr ous nagnesium sul fate and t he
solvent was distilled ~off. The residue was purified by silica gel

chr omat ogr aphy (n- hexane) to afford

2,2-diisoanyl-4,6-di-tert-butyl - hydr oxy- 2, 3- di hydr obenzofduran [9.0
g (yield, 5¢ch athyl ace%a%glOrbﬁéSOQbEnlcziayeLeﬁELFbé@ﬁ%&ZZQ@ﬁtwater
CDCl [err]) [érr] ppm 89(d, 12H), 1719-1.69(m 10H), 1.41(s,9H),

%922(5 9H), a%dlé@&u%%ked4b§@héy1H¥1e§ @36% %h%ydrous mé&héﬁﬂﬁﬂréhlfﬁééz

388(Merr]) and concexanaled?4] The concenS:&tbe&as plirified by 5111ca

4.6-Di -tert-Butyl - 5-Hydr oxy- 2, 3- Di hydr obenzofuran 5 1)

Synt hesi s ofged- Abetomaccgrapby- ( 888- Bihyll- 3cé2ate in n-heRapgenyb) afifsriie

4- Acet oxy-3,5-di-tert-butyl -2-(2-propenyl) phenol (30 g) and pot assi um
car bonabe (#3agefpryeile [di-{doBrddoxa-2-cynlapentié ) 36bydrpxynd -mathyl-

addi tion of nethyl iodide 10 28 g), the solution was stirred for 24 h.

After coohlhytyl] -3, 5r9d texdr Y#ﬁ%ﬂ§ﬂéemé§7e8n€eﬁY#§iéd @A&ed Peduced

pressure and wat er was added. The mixture was then subjected to
a colorless oil.

'H NMR (270MHz, CDCl,)
5 ppm 1.33(s,9H), 1.36(s,9H), 1.38(s,3H),

10 _ 1.52-1.89(m,4H), 2.28(s,3H), 3.26(s,2H),
3.73-3.88(m,2H), 3.82(s,3H), 4.06-4.15(m,3H),
4.56(t,1H), 6.82(s,1H)

Mass ¢ 436(M")
[Example 26]
15 Synthesis of 5-Acetoxy-2-[2-(1,3-Dioxa-2-~
Cyclopentyl)ethyl]-4,6-Di-tert-Butyl-2-Methyl-2, 3~
Dihydrobenzofuran

4-Acetoxy-2-{4-(1,3-dioxa-2-cyclopentyl)-2-hydroxy-2-
methylbutyl]-3,$—di—tert-butylanisole (27.9 g) was dissolved
20 in dichloromethane (200 ml) and trimethylsilyl iodide (12.8
ml) was added dropwise to the solution under cooling with
ice. After stirring the mixture at room temperature for
S min, a saturated aqueous solution of sodium thiosulfate
was added and the mixture was subjected to extraction with
25 chloroform. The organic layer was washed with water and
saturated brine, dried over anhydrous magnesium sulfate and
concentrated. The concentrate was purified by silica gel

chromatography (25% ethyl acetate in n-hexane) to afford 5-
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extraction wth ethyl acetate and the organic |ayer was washed with -
wat er and saturated brine, dried over anhydrous 15 |, nagnesi um sul fate and

concentrated. The concentrate was purified by silica gel

chr omat ogr aphy (10% et hyl acetate in n-hexane) to afford

4- acet oxy-3,5-di -tert-butyl -2-(2- propenyl ) ani sole (31 g)
quantitatively. [err]H NVR (270VvHz, CDCl[err]) 20 [err] ppm

1. 34(s, 9H), dcdtdsy9t)[22( BYsdidRa-2-cyclopentyl )ethyd 163 B -aBi(-mextd-
3.78(s,3H), 4.88-5.02(m2H), 5.89-6.02(m 1H), 6.83(s, 1H)
Mass 313§ tfrr2imethyl-2, 2ydByydimserszafurkn\det o8/ -8B, Griald er6Z281) yl - 2-
25 For nyl net hyl ani sol e :

4- Acet oxy- 3,8s dd -celorbesy| ol ( 2- propenyl ) ani sol e (19 g) was
dissolved in a 1:1 mxture (200 m) of tetra- hydr of uran and wat er.
After addi ng ‘&AM ((2A0ME%,dE€DCL;) - 78 -

Son s B0, P BT AP P S I o™ 4 L
caueous S0l utLor, oF,, ST MOBHAR)® 2,20 e AT AR AL S0

washed with water 3a.9g{§aﬁﬁ|5ratg.do.p_ri_ r%l{j’reéﬁg’sog_eglgﬁr%g{)@'u%fﬁag_nesi um

sul fate and concenirat éd. The tonhcenh purifire ica
gel chromat ography (25@g§§@yé'fﬁ§tate in n-hexane) to afford

Mass 404(M")
10 [Example 27]
Synthesis of 5-Acetoxy-4,6-Di-tert-Butyl-2-(2-~
Formzléthzl)—2-Methzl-2,3-Dihzdrobenzofuran
54Acetoxy-2-[2-(1,3—dioxa-2-cyclopentyl)ethyi]-4,6-
di-tert-butyl-2-methyl-2,3-dihydrobenzofuran (17.3 g) was
15 dissolved in 80% acefic acid (150 ml) and the solution was
heated under reflux for 1 h. After cooling the solution;
the acetic acid was distilled off under vacuum and, after
addition of water, the resulting mixture was extracted with
ethyl acetate. The organic layer was washed'with water and
20 saturated brine, then dried over anhydrous magnesium sulfate
and concentrated. The concentrate was purified by silica
gel chromatography (25% ethyl acetate in n-hexane) to afford
5-acetoxy-4, 6-di-tert-butyl-2-(2-formylethyl)-2-methyl-~2, 3-
dihydrobenzofuran quantitatively (15.53 g) as a colorless-

25 oil.
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.4-acetoxy-3,5-di-tert-butyl-2-fornyl methyl anisole [16 g 10 (yield,

83%]. [err]H NMR (60MHz, CDCl[err]) 8 ppm 1.36(s, 9H)
1.40(s,9H), 2.30(s,3H), 3.77(s, 3H, 3.87(bs, 2H),

6.89(s, 1H), 9.63(bs, 1H) ' Mass 320(Merr]) 15 3) Synthesis of
5- Acet oxy-4,6-Di -tert-Butyl benzof uran

4- Acet oxy-3,5-di-tert-butyl -2-fornyl net hyl ani sol e (16 g was*~

di ssol ved i nudinei®l @roo®kRanepCiOP m) and tri- met hyl silyl i odide
(7.1 M) was added dropwi se to the sol ution under cooling with ice.
After stirridégopine ni xti80(s, AH), at.3I7q@ENEANPar.89§se3tdr, 1 h, a saturated
aqueous sol ution of sodi umthi osul fate was added and the m xture was
subj ect ed to extk&it+2rl2Mn, 2Hhl &-0dem3HDhe 205§4,@H)ayer was
washed with water and saturated brine, dried over anhydrous nmagnesi um
sul fate and concentrat%dl ThSZahedhtr &-& Mes 1H)5  9.78i.ildd by silica gel
chronatography (10% et h acetate I n n- hexane) to afford

5- acet oRy- 4, MR3F-tert- Benzof ur an guantitatively (14.3 g) as a
white solid - 79 -

[err]H NMR (B53RRLS %%b[ew]) [erﬂ ppm 1.39(s, 9H), 1.51(s, 9H),
2.35(s,3H), gunthesis of 59a88t8xdthIg2n Rl e (p30(F. 2 s :

7.55(d, 1H, J=2. 3t2)
Ethoxycarbonyl~4~-Methyl-3(E)-Butenyl)-2-Methyl-2,6 3~

Dihydrobenzofuran ‘s

10 5-Acetoxy-4,6~di-tert-butyl-2-(2-~formylethyl)-2-~
methyl-2,3-dihydrobenzofuran (15.5 g) and ethyl 2-(tri-
phenylphosphoranylidene )propionate (32.4 g) were dissolved
in benzene (250 ml) and the solution was heated under
reflux for 1 h. After_cooling, the solution was subjected

1s to extraction with ethyl acetate and the organic layer
was washed with water and saturated brine, then dried
over anhydrous magnesium sulfate and concentfafed. The
concentrate was purified by silica gel chromatography (10%
diethyl ether in n-hexane) to afford a mixture (2.4 g)

20 containing 27% Z-form and S5-acetoxy-4,6-di-tert-butyl-2-(4-
ethoxycarbonyl-4-methyl-3(E)-butenyl)-2-methyl-2,3-dihydro-
benzofuran (13.2 g) as a colorless oil.

'H NMR (270MHz, CDCL,)
& ppm 1.28(t,3H,J=7,3Hz), 1.30(s,9H), 1.37(s,9H),
25 1.41(s,3H), 1.74-1.88(m,2H), 1.81(4,3H),
| 2.21-2.36(m,2H), 2.30(s,3H), 3.11-3.34(m,2H),
4.18(qg,2H,J=7.3Hz), 6.73(5,1H), 6.72-6.78(m, 1H)

Mass 444 (M)
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5 ° Mass 288(Merr]) m p. 87.7[err]C 4) Synt hesis of

4,6-Di -tert-Butyl -5-Hydroxybenzof uran (Conmpound r)

Li t hi um al um num hydride (1.31 g) was suspended 10 in tetrahydrofuran (150
m ) under a nitrogen atnosphere. A sol ution of

5-acet oxy-4, 6-di -tert-butyl benzofuran (10 Q) in tetrahydrofuran (100
m ) was added dropwi se to the suspensi on under cooling with ice. After
heat i ng unExample ef9ux for 3 h, the m xture was cooled to roomtenperature
15 and, after addltlon of mater and 10@6aqueous HO (100 n1) t he

m xture was sfimpshesiisiof ey j § rta 3t eXYir 4ani c

concentrate wWdetBuiirs(Bg 2 M thyl _;Z"_@-:ﬁn zofauant hy|
acetate in n- hexane to afford 20 6- d|-tert but droxybenzofuran
[8.3 g (yield, 98¥gicetoxy- %)5%1% PYHY 559 Jrﬂiﬁ I5Adr oxy- 2. 3-

Di hvdrobenzofur

P E e (0 SR TE SR AR %?oﬂﬁwk-eza URFORenISfRR P Bt
mos st oy e LS00 1 Ao fri%bsaﬁere hd Y Mldaigaendalf o0 UL O
filtering Qé’i“rﬁ 60 nE’P) 06'f Cf‘rbl?od‘n%l ed 1élr\ﬂ1§fn\¥1‘@5h CRO LI eéh&%ger

vacuum e co Centrate was puri Ica g C romat ogr a
- 80 - dropwise to the solution under cooling with ice. After

stirring the mixture for 1 h, a saturated agueous. solution

10 of aﬁmoniqm chloride was added and the mixture_&as subjected
to extraction with ethyl acetate. The organic layer was
washed with water and saturated brine, dried over anhydrous
magnesium fulfate and concentrated. The concentrate was
purified by silica gel chromatography (33% ethyl acetate

15 in n-hexane) to afford S5-acetoxy-4,6-di-tert-butyl-2-(5-
hydroxy-4-methyl-3(E)-pentenyl)-2-methyl-2,3-dihydrobenzo-
furan [3.9 g (yield, 33%)] as a colorless oil. In addition,
4,6-di-tert-butyl-5-hydroxy-2-(5-hydroxy-4-methyl-3(E)-
pentenyl)-2-methyl-2,3-dihydrobenzofuran [4.2 g (yield,

20 39%)] was obtained as a colorless oil.

S—Acetoxv—é,G-Di-tert-Butvl—Z-(§-Hvdroxv-4—Methvl—3(E)—

Pentenyl-2-Methyl~2,3-Dihydrobenzofuran

'H NMR (270MHz, CDC1,)
8 ppm 1.30(s,9H), 1.37(s,9H), 1.44(s,3H), 1.64(4,3H),
25 1.68-1.80(m,2H), 2.05-2.22(m,2H), 2.29(s,3H),
3.08-3.34(m,2H), 3.97(bs,2H), 5.41(m,1H),
6.73(s,1H)

Mass 402(M*)
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(10% et hyl acetate in n-hexane) to afford 4,6-di-tert-butyl -

5- hydr oxy- 2, 3-di hydr obenzofuran [4.4 g (yield, 73%] as a col orless,

fine-grained crystal. [ Exanpl e 25] 5 Synt hesis of 4

6-Di -tert-Butyl -5-Hydroxy-2-Cctyl -2, 3- D hydr obenzofuran - 1)

Synt hesis of 5-Acetoxy-4,6-Di-tert-Butyl - For nyl benzof ur an

Phosphorus oxychl ori de (1 1 g) was added dropmﬁse 10 to

N, N- di et hy| f ot D idet €2t Buby IHEHHy r@odvi -2 (B -Hy dreay - 4 -Me thiyd ~ 3(E)-

subsequent |y, a solutlon of 5- acetoxy 4 6-di-tert- but yl benzof ur an

(1.0 g) in N, Neehtanh : ) & gaxfuegged dropwi se. The

m xture was stirred flrst at room tenperature for 20 mn, then under

heating at 8BOWRr(218MHz75CRE}s) After cooling, the reaction nixture was

pour ed into water and subjected to extraction ethyl acetate. The

organi c | ayér BREs masﬂeégﬁﬁtﬁﬂﬂatéﬁ4éﬁ§ QHﬂurétéa(EvPHé; dried over
concentr at ed. he_cgoncentrate was

SE?¥E£§32bgagPF?L;nb:I %ﬁ wgﬁggr&pﬁQ 1266(m(2§?&e?h}? ZcePhRe2lp, n- hexane)
5 4 0.95

ESi ol d. 86% ? Cgtsm_(y 3 '&,758|'&F‘|' §s&%?%?*a3.'g¥a?§éa?é? ggzgi’ur . % err] H VR
(SO, ALSI) ookl s pack, 843, Bharh 55 Eipa &, 2060 .

BJ_gg-l\/[ err]) Mass M Beo(M") 159.9[err]C

IR (cm™') 3648, 3440, 2964
10 [Example 30]
Synthesis of S5-Acetoxy-2-(5-Chloro-4-Methyl-3(E)-
Pentenxl)—4,6-Di-tert-Butzl-2-Methzl72,3—

Dihydrobenzofuran

N-Chlorosuccinimide (150 mg) was suspended in
15 dichloromethane (4 ml). After adding dimethyl sulfide
(0.1 ml) dropwise at -5°C, the suspension was stirred for
15 min. Subsequently, a solution of 5-acetoxy-4,6-di-tert-
butyl-2-(5-hydroxy-4-methyl-3(E)-pentenyl)-2-methyl-2,3-.
dihydrobenzofuran (0.4lg) in dichloromethane (1 ml) was
20 added dropwise and the resulting mixture was stirred at -5°C
for 90 min. After the end of the reaction, dichloromethane
was distilled off under reduced pressure and the concentrate
was purified by silica gel chromatography (25% ethyl acetate
in n-hexane) to afford 5-acetoxy-2-(5-chloro-4-methyl-3(E)-
25 pentenyl)-4,6-di-tert-butyl-2-methyl-2,3-dihydrobenzofuran

[0.3 g (yield, 70%)] as a colorless oil.
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2) -Synthesis of 5-Acetoxy-4.6-Di-tert-Butyl-2-(1-

Cct enyl ) benzof ur an . A pentane solution (6.0 M) of 1.6 M

n-butyl l'ithium was added dropwise to a solution of n-heptyltriphenyl-

5 phosphoni um bromide (4.2 ¢g) in tetrahydrofuran (30 m) under - a

ni trogen atnosphere. After stirring the m xture at room tenperature for
90 mn, a solution of 5-acetoxy-4, 6 di-tert- “but yl - 2-f or nyl benzef uran

(2.54 g) |n1ﬁeﬁﬁ§ g?ﬁgﬁg%ancééég) was added dropw se. Subsequently,
eate

the m xture was D Un reflux for 1 h and, after cooling, a

saturated aguepms 1sgbqglgg)oflagﬁqglgﬁhchHOQB@g ¥ay, added anduthe

m xt ure was subjected t6 exfraction'wth ethyl acetate. The organic

| ayer was washed withiwaigem, 289 ,sat.a7awedur i ne29qki, 8¢y, 3.@8er anhydrous
magnesi um sul fate and concentrated. The 15 concentrate was purified by
silica gel chromatogr@uldw(m, 2H)(18%08l(lsyRHgGeBaBa (mp LHIhesans) st aHaf f ord

5- acet oxy- 4, 6- di-tert-butyl-2-(1-octenyl)benzofuran [3.1 g (yield,
97% ] 5 Mass col or 4@ Mei2l)., 420(Merr]H NVR (60MHz, CDCl [err]) 20

[err] ppm 0.88(t,3H), 1.15-1.54(m8H), 1.37(s,9H),

1. 48(s, 9H) ,[Bxagde 3], 2.51(m 2H), 6.10(m 1H), 6.27(m 1H),
6.67(s,1H), 7. 33(5,1FD (1 3) SyntheS|s of

5- Acet oxy- 4, 6-2¥u %

A 4, A
5- Acet oxy- 4, 6- Mﬁu for?‘%.

3(E),7(E),11-Trienyl)-2,3-Dih drobenzofuran_i‘
10 ' 3,7-Dimethyl~1-(p-toluenesulfonyl)-2(E), 6~-octadiene

enyé)benzofur

12 Trlmeghvltrldeca-

(0.26 g) synthesized in the usual manner was dissolved in
a solvent system (2 ml) consisting of a 4:1 mixtufé of
tetrahydrofuraﬂ and hexamethylphosphoric triamide. After
adding a pentane solﬁtion (0.55 ml) of 1.6 M n-butyllithium
15 at -78°C, the mixture was stirred for 2 h. Subsequently,
a solution of 5-acetoxy-2-(5-chloro-4-methyl-3(E)-pentenyl)-
4,6-di-tert-butyl-2-methyl-2, 3-dihydrobenzofuran (0.3 g) in
tetrahydrofuran (1 ml) was added dropwise at -78°C and the
mixture was stirred for 4 h. After the end of the reaction,
20 a saturated aqueous solution of ammonium chloride was added
and the resulting mixture was extracted with ethyl acetate.
The organic layer was washed with water and saturated
brine, then dried over anhydrous magnesium sulfate, and
concentrated. The concentrate was purified by silica gel
25 chromatography (25% ethyl acetate in n-hexane) to afford 5-
acetoxy—4,6—di—tert-butyl-z-methyl—z—(6—p—toluenesuifonyl-
4,8,12-trimethyltrideca-3(E),7(E),ll-trienyl)-2,3~dihydro-

benzofuran [0.26 g (yield, 55%)] as a colorless oil.
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(3.1 g) was dissolved in ethyl acetate containing 10% acetic acid (50
m) and, after addition of 10% Pd on carbon

- 82 - (0.3 g), the solution was stirred under a hydrogen

at nos- phere for 3 h. "After filtering off the Pd on carbon, the
filtrate was concentrated under vacuum The concentrate was purified
by silica gel chromatography (10@6ethy| acetate 5  in n-hexane) to afford

5-acetoxy-4,§;qhﬂf ﬁﬁnﬁﬂﬁy| - benzofuran [2.95 g (yield, 96%]
as a colorless ol 1 [er;:“]i NI\/R(GOM—IZ CDCl [err]) [err] ppm

0.88(t,3H), &.3dgml. 57(MIRHS 34 51% 9H), 1.36(s,9H), 1.BAE, 3O,
2.29(s, 3H) . %%(t 2H, J=7 lzd-gd—t ) S AHD, 00) 5 () iH), 90(7 35!-(9)|s_")1l—|) |
Mass 400(Merr]) 1.47(m, m)smme 8RS, fh?‘sﬂsmr)t Buteyd (-<h-3sydr oxy- 2-
Cct yl behzof ur an L|th|un1alun1nun1hydr|de (0.26 g) was
suspended 15 I n tetladde2 af2ifmndK b0 2122 (Whdat) a i2AA(aye8H jt nosphere and
a solution of 5-acetoxy-4,6-di-tert-butyl-2-octyl benzofuran (2.7 g
in tetrahydrofuran (202n3(se3HhddedBI0l 1) s BpeHm, ZH), %-i&ﬂ”(nuri'dé)r,
cooling with ice. After heating under reflux for h, the m xture was
cooled to roomterrpera@u$%(‘%1n#1)/\at%f02@@:1Hi/vas5-a°eﬁiéﬂldfbpvﬁ-s7e1(srﬂfﬂbr
addi ng 10% aqueous HO _( the m xture was subjected to

extraction with ethyl ﬁcégéﬂeﬁH}J=7-ZQﬁﬁ9(N%ﬁ%ﬁQﬂd%ﬁ%ﬁ' R#) ed over
anhydr ous naggggiun1sug;8{§9)

[Example 32]

10 Synthesis of 5-Acetoxy-4,6-Di-tert-Butyl-2-Methyl-2-
. (4.8,12-Trimethvltrideca-3(E).7(E) 11-Trienyl)-2,3-
Dihzdrobenzofuraﬁ_
5-Kcetoxy-4, 6-di-tert-butyl-2-(6-p-toluenesulfonyl-
4,8,lZ—trimethyltrideca—S(E),7(E);ll—trienyl)-2,3—dihydro-
15 benzofuran (0.26 g) was dissolved in tétrahydrofuran (2 ml)
under a nitrogen atmosphere. Palladium chloride [1,4-
bis(diphenylphosphono)butane] complex (23 mg) prepared in
the usual manner was added to the solution at 0°C; there-
affer, a tetrahydrofuran solution (0.76 ml) of 1 M lithium
20 triethylborohydride was added dropwise and the mixture was
stirred for 24 h at -20°C. After the end of the reaction,
a saturated aqueous solution of ammonium chloride was added
the resulting mixture.was extracted with ethyl acetate. The
organic layer was washed with water and saturated brine,
25 dried over anhydrous magnesium and concentrated. The
concentrate was purified by silica gel chromatography (10%
ethyl acetate in n-hexane) to afford S5-acetoxy-4,6-di-tert-

butyl-2-methyl-2-(4,8,12-trimethyltrideca-3(E),7(E),11-
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and concentrated. The concentrate was purified by silica gel

chromat ography (10% ethyl acetate in n-hexane) to afford 25

4,6-di-tert-butyl -5-hydroxybenzofuran [2.2 g (yield, 92%] as a

colorless oil. ' - 83 -

[err]H NVMR (60MHz, CDCl[err]) [err] ppm 0.88(t,3H), -

1.20-1.53(m 12H), 1.45(s, 9H), 1.61(s, 9H), .

2.67(t, 2H, ¢zriefibi2) -25303f Aydibbenzofuran [0.11 gb6(PBésalH5%Y]244s.1 5

Mass 358(Merr]) IR (cnferr]) 3384, 2928 5) Synthesis of 4

6-Di -tert - BucploTlikgdr ox}-2- Cctyl -2, 3- Di hydr obenzof uran ( Conpound

g) Triethylsilane (17.4 mM) was added to 4,6-di-tert- 10

but yl - 5- hy dPEXYMB - 62T QMHen Z&FCk.An (2.2 g) and trifluoro- acetic acid

(8.7 M) was added dropwise to the m xture under cooling with ice.

After stirrPngPRt O[eﬂr?@(ﬁoPHi:h}-37(51%%%)n1kt&?ésmﬁﬁ)pohrgﬂ($n§6)ice
raction with eth acetate. The organic

wat er and subj ected tgﬂ §x§ %I
| ayer was 15 washed wi-BF(g§-38 urét%ﬁ'%qh%bﬂslg Put?o%gb$r§%biun1hydrogen
carbonate, dried over japhydr esLu ul e an oncent r at ed.
The concentrate was parpprgdgggmgﬁﬁgcaéggb?m'ggschgoﬂﬁﬁﬁg}gghy (n- hexane)
to afford 4Mg§gi-tert595QML55-
[Example 33]
Synthesis of 4,6-Di-tert-Butyl-5-Hydroxy-2-Methyl-2-
10 (4.8,12-Trimethzltrideca-3(E),7§E),11—Trienxi)-2,3-
Dihydrobenzofuran (Compound a)

Lithium aluminum hydride (8 mg) was suspended in

tetrahydrofuran (3 ml) under a nitrogen atmosphere. A

solution of 5-acetoxy44,6—di—tert-butyl-z—ﬁethyl-z-(4,8,12-
'15 trimethyltrideca-3(E),7(E),1ll-trienyl)-2,3-dihydrobenzofuran

(0.11 g) in tetrahydrofuran (2 ml) was added dropwise to

the suspension under cooling with ice. After heating under

reflux for 3 h, the mixture was cooled to room temperature

and water was added dropwise. Following addition of 10%

20 aqueous HCl, the mixture was subjected to extraction with
ethyl acetate. The organic layer was dried over anhydrous
magnesium sulfate and concentrated. The concentrate was
purified by silica gel chromatography (n-hexane) to afford
4,6-di-tert-butyl-5-hydroxy-2-methyl-2-(4,8,12-trimethyl-

25 trideca-3(E),7(E),ll-trienyl)-2,3-dihydrobenzofuran [70 mg

(yield, 69%)] as a colorless oil.
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. hydroxy-2-octyl -2, 3-di hydrobenzofuran [0.6 g (yield, 27%]. 20 [Reference
Exanpl e 22] Synt hesi s of 4-Acetoxy-2-Acetony]-3, 5-Di-tert-

But yl ani sol e Pal | adi um chl oride (2.96 g) and copper chloride
(16.5 g) were added to a solvent system (88 m) consisting 25 of a 7:1

m xture of N, N-di met hyl f ormam de and wat er under . an oxygen atnosphere
and the resulting m xture was stirred . at roomtenperature for~<1 h.

Subsequent | SOl Ut Of:
4- acet oxy- 31?&5-%& 83&{0%'ylcpg}ek- propenyl ) phenol (53.2 g)

- 84 - i | et t jsf i -1 m xt
of N NS BRR by | oF Fa S TR S RN bk s o rl?‘e‘gﬁ .oy, mxture
mxture was stirred af #9améeyper gL 19y, 48 do- A, 120 he end of the

reaction, water was added to tﬂg reaction °5 mxture, which was then

subj ected to extractionmaideisvis. 7uz RCel MBa He SHOAMIE, | Aver was
washed with water and saturated brine, dried over anhydrous nagnesi um

sul fate and concedl 68t €M H FHes coOGe/BH At &6 VeS(PUrHY i ed by silica gel
chromat ogr aphy (25% et hyl acetate in n-hexane) to afford 4- 10 :
acet oxy- 2- aMassnyl - 3, &8@(Mt)ert - but yl anisole [33 g (yield, 59% ] as a
colorless, fine-grained crystal. [err]H NVMR (270VMHz, CDO [err])
[err] Hpm IRI(GMT3, 9BH481.2984, 9H), 2.20(s,3H), 2.31(s, 3H),
3.74(s, 3H) 3.90&d,1H,J:7.8FE ,

[ INDUSTRIAL APPLICABILITY]

The compounds of the invention that are fépresented_
by the general formula (I) have a highly selective anti-
oxidative activity and are useful as therapeutics of
ischemic diseases such as myocardial infarction, cerebral
apoplexy and arteriosclerosis. The compounds of the
invention that are represented by the general formula (II)

10 '
are intermediates suitable for producing the compounds of

the general\formula (1).
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15 4.02(d, 1H, J=17. 8Hz), 6.83(s, 1H) Mass 334(Merr])

mp. 133. [e r]jC [ Ref erence Exanpl e 23] . Synt hesi s of

4- Acet oxy-2-[4- (1. 3-Di oxa- 2- Cycl opentyl)-2- 20

Hydr oxy- 2- Met hyl bu ty ]-3,5-Di-tert-Butyl ani sol e A sol ution of
-1,3-dio

2- (2- bronoet hyl ) I oxane (50 Q) in tetra ) was
added to magnesi um (6.6 Q) under a nitrogen Qﬂ{m;’l“&iﬁlﬁﬁiﬁ are a
Grignard reagent. . A solution of '

4- acet oxy- 2-acetonyl -3, 5-di -tert-but yCBhIM®|l e 25 |n tetrahydrofuran (200

m ) was added dropwi se to the reagent. After stirring the mixture at
room t enpek at ur e § grompound tepresentachthy e arnemdl BT Eoni um
chl ori de was added and the resulting m xture was subjected to
extraction - 85 - with
ethyl acetate. The organic |ayer wastwished,w th water and saturated
brine, dried over anhydrous siumsul fpte and concentrated. The

concentrate was purified by silibg
acetate in n-hexane) to afford 5
4- acet oxy-2-[4-[ 1, 3-di oxa- 2- cycl of
butyl]-3,5-di-tert-butylanisol e

gel ctpromat ogr aphy (33% et hyl

- 2- hy rol%.;y9 2- rre(tIhyI

%] as a col orless

oil. [err]H NVR (270MHz +-B¢ rr]) 0 R6 glerr] ppm 1. 33(s; 9H),
1.36(s,9H), 1.38(s,3H), 10 3 1.52-1.89(m 4H), 2.28(s, 3H),
3.26(s, 2H), R

where R! is a hydrogen atom or an acyl group; R* ;j:s a lower
alkyl group; R} is a hydrogen atom or a lower alkyl group;
. R*, R® and R®, which may be the same or different, are

5 a hydrogen atom or an optionally substituted alkyl, alkenyl,
alkynyl of‘aryl group; R? and R!, when taken.together, may
form a 5-membered ring; R® and R®, when taken together, may
form a cycloalkyl group or a heterocyclic group in which
at least one methylene on the ring of a cycioalkyl group

10 is substituted by an oxygen atom, a sulfur atom or an alkyl-

substituted nitrogen atom, provided that R® is not present if

the ring formed by Rz_and R' taken together is a benzofuran

ring.
2. A compound represented by the general formula (II):
t-Bu
/’B;;:lace: 40 (CHy) ,~CHO
" @
t-Bu O0R?
g3

15 where.R3 has the same meaning as defined above; A is
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3.73-3.88(m 2H), 3.82(s,3H), 4.06-4.15(m 3H), 4.56(t, 1H),

6. 82(s, 1H) Mass 436(Merr]) [ Exanpl e 26] 15
Synt hesi s of 5-Acetoxy-2-[2-(1 3-D oxa-2- Cycl opentyl)ethyl]-4,
6-Di -tert-Butyl -2-Met hyl -2. 3- Di hydr obenzof ur an

4- Acet oxy-2-[ 4- (1, 3-di oxa- 2-cycl opentyl ) - 2- hydr oxy- 2-
nmet hyl butyl]-3,5-di-tert- butylanisole (27 9 g) was dissolved 20 i.n

di chl or oneth t L |od|d

added drop%ﬁggsfég?%ggL%ngﬁonﬁun er c 4£6 qé%(br 2 Jover,d Y%tlrrlng
the i XtUr?réhp"ogfﬁltﬁ”ﬁ@réhuiﬁté&ér of 0 ”1“ a saturated aqueous
solution of sodiumthiosulfate dﬁed and t he nlxture was

subj ected to extraction with 25 chloroforn1
washed with water and saturated brine, drled ov esi um
sul fate and concentrated. The concentrate was Hm iﬂﬂﬂ“ gel

chronatography (25% et hyl acetate in n-hexane) to'aff ’

- 86 acet oxy- 2-
[2-(1,3-d|oxa-2-cyc|opentyl)ethyl]-4,6-d|-tert-

butyl - 2- et hyl - 2, 3-di hydr obenzofuran [17.3 g (yield, 67%] as a
colorless oil. [err]H NVR (270MHz, CDCl[err]) 5 [J[err] ppm
1.29(s,9H), 1.36(s,9H), 1.37(s, 3H), 1.69-1.83(m4H),

2.29(s, 3H), 3.06-3.33(m 2H),

Tlus Sheet Has Beeri Replaced..
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3,75(t,2H), 4.07-4.13(m 2H), 4.51-4.56(m 1H), T_F_A’,ﬁ-_ZQLLJ—HL
Mass 404(M .10 [ Exanple 27] Synthesis o cetoxy 4
6-Di -tert-Butyl-2-(2- For nyl et hyl ) - 2- Met hyl - ssHeenikepfacadan

5- Acet oxy-2-[2-(1, 3-dioxa-2-cyclopentyl)ethyl]- 4 6-
di -tert-butyl-2-nethyl -2, 3-di hydrobenzofuran (17. 3 g) \Aém“‘im‘ ed in
80% acetic acid (150 m) and the solution was heat ux for
1 h. After cooling the solution, ? graegti c acid was dlstllled of f
under vacuum and, after addltlon of water, the resulting mxture was
extracted with CofpbiNhasCLépteserBed ObPathe déé’d@fa]!\/aﬁoi‘mi'&d (Mth water
and 20 satwurated brine, then dried over anhydrous nagne3|un1sulfate

and concent aat @dl1TAs t£ABeeMéddatedaboPUthd i Spntesidi 68 therede!

chr omat ogr aphy (25% et hyl acetate in n-hexane) to afford

5-acet oxy-4,6-di-tert-butyl-2-(2-fornylethyl)-2-nethyl -2, 3-

di hydrobenzofuran quantitatively (15.53gg) as a colorless 25 oil.

- 87 - [err]H NMRLE270 C%QI[err])

R4 (1)
Ao
0 R5

R3 : | i

t-Bu

whére R is_a hydrogen atom or an acyl group: Ri is a lower
alkyl group; R® is a hydrogen atom or a lower alkyl group;

5 R*, R® and R®, which may be the same or different, are
a hydrogen’atom or an optionally substituted alkyl, alkenyl,
alkynyl or aryl group; R? and R*, when taken togethér, may
form a 5-membered ring; R® and R®, when takén tpgether, may
form a_cycioalkyl groﬁp or a heterocyclic group in which

10 at least one methylene on the ring of a cycloalkyl group
is substituted by an oxygen atom, a sulfur atom or an alkyl-
substituted nitrogen atom, provided that R® is not present if
the ring formed by R? and R*' taken together is a benzofuran
ring. The compounds represented by the general formula (I)

15 have a highly selective anti-oxidative activity and are
useful as therapeutics of ischemic diseases such as

arteriosclerosis and myocardial infarction.

THIS SHEET HAS BEEN
REPLACED

- 97 -




[err] ppm 1.30(s, 9H), 1.37(s,9H), 1.39(s,3H), RFPLAQENENI SHEET

1.9152.12(m2H), 2.30(s,3H), 2.59(q, 2H), 3 Lt T
6.71(s,1H), 9.78(s,1H 5 Mass 360(Merr]) [ EX arr)I BZZﬁ]AY 199
Synt hesi s of 5-Acetoxy-4,6-Di-tert- B%zl-z (4- /
Et hoxycar bonyl - 4- Met hyl - 3( E) - Butenyl Met hyl -2 3-

D hydr obenzofuran 10
5- Acet oxy-4, 6-di -tert-butyl-2-(2- forny}m?ﬁyl) 2-

met hyl - 2, 3- di hydr gbgﬂi(@i&ktl’-%“ﬁ glﬁgarghU@‘QﬂP?hhﬁL 8§ﬁtwl-g;vgs _
phenylphosphorany I dene opionart e were di ssol ve i n benzene

250 m dth ti fl f Af t
E:ool i ng? ?Re so?u@ﬁg‘&ﬁoﬁggssGBPé'éﬁﬁage%Sgyt Ehﬁxgﬁﬁgﬁa R J“@t M/-I)'agret ate

Criea O IBMRLLTHS sprerniRi et gga“%é?ewi%%ﬁs%@%e?ﬁ S o

concentrate was purified by silica gel chromatography (10% d| et hyl
ether in n-hexane) to afford a mxture 412 4 g) 20 containing 27% Z-form
and 5-acetoxy-4,6-di-tert- butyI (4 '
et hoxycar bonyl - 4- met hyl - 3(E) - @nyl )t 2- rreﬁ1 -2, 3-di hydro- benzof uran .
(13.2 g) as a colorless oil. e 70|\/Hz CDO [err]) [err]
ppm 1.28(t,3H,J=7,3Hz), 1.30(s ( H) 25(CI)
1.41(s,3H), 1.74-1.88(m2H), 1.81(p 2.21- 2. 36(m2H)
2.30(s,3H), 3.11-3.34(m 2H), g(q 2H, J=7. 3Hz) ,
€. 73(s,1H), 6.72-6.78(m 1H) t-Bu Mas$ 44%(6!\/[ err])
- 88 - . 3

R

whé.re R' is a hydrogen atom or an acyi group; R? is a lower
alkyl group; R® is a. hydrogen atom or. a lower alkyl group;
R', R® and R®, which may be the same or different, are .

a hydrogen’atom or an optionally substituted alkyl, alkenyl,
alkynyl or aryl group:; R? and R*, when taken together, may
form a S5-membered ring; R’ and R’, when taken together, may
. form a ﬁ:ycloalkyl group of a heterocyclic group in which

at least one'methylene on the ring of a cycloalkyl group

is substituted by 2n oxygen atom, a sulfur atom or an alkyl-
substituted nitrogen atom, provided that R® is not present ;i.f
the ring formed by R? and R' taken together is a benzofuran
ring. The.compounds.represented by the general formula (I)
have a highly selective anti-oxidative activity and are .
useful as therapeutics of ischemic diseases such as

arteriosclerosis and myocardial infarction.




* Met hyl - 3(E) - Pent enyl ) - 2- Met hyl - 2, 3- Di hydr obehzof uran

[ Exanpl e 29] Synt hesis of 5-Acetoxy-4
6-Di -tert-Butyl-2-(5-Hydroxy- 4-

REPLACEMENTeSHESTHET
5- Acet oxy- 4, 6-di -tert-butyl -2-(4-ethoxycarbonyl-4- 5

ret hyl- 3(E) - but enyl ) - 2- met hyl - 2, 3- i Byelr obenzof uran (15, b &0 APR "R
di ssol ved in benzene (250 m) and a tetrahydrofuran sobution (60
of 1 Mdiisobutylal um num hydgiée ipeegdded dropwijse to the solutio
under cooling with ice. After stirring the m xturéfor—t—th—=
saturated aqueous. sol ut{.anko¥Qz,6-H1-A8UTVLPHENOD | BERIWATIVES added and the
m xture was subj ected to extraction with ethyl acetate. The organic

| ayer wWasrEcHNICAMAFI®EWLDY th water and saturated brine, dried over anhydrous
magnesi um sul fate and concentrated. The concentrate was purified by
silica gel chr s droenti@B3euadidnds dueterrponnds £ATN- hexane) to afford
5-acet oxy-4, 6-di-tert-butyl-2-(5- i . )

hydr oxy-pleewsritind (e mwidative madificapian dphytivoderyidy 1iPoproteipan (3.9
g (yield, 33%] as a colorless oil. In_addition, , osc] .

4, 6- di - {EBlt) bpantlicslan)ds dhoy Composnpy Wsekyl 2spEhargpeuligs of arteriosclerosis

pent enyl ) - 2-net hyl - 2, 3-di hydrobepzof uran,[4, 2 (w.el d, 0 9] was

obt ai nedRERCIF Tl kA Tiion and othex izche® _c4ﬁ:.se%sesz. .Mocige

3D hyaroaer bRy, e esationiEatstes so conmadiiy FipsesdpcH)
T o6 1 8y nBRy Fo 5 Jilog pededer Hordusd| (rjt) as 4R11 s compounas
3. 08- 3. 3ééﬁ}6%%%{11é%?]9§§b§hg"g‘enéréi( EpHiila (1I) which are Wsgdis, 1H)

Mass

intermediates for the synthesis of _'comppunds (I):

t-Bu
glo R2
gt ¢1)
k_gs
t-Bu 07 g6
g3

(where R' is a hydrogen atom or an acyl group; R? is a
straight or branched alkyl group having 1-6 carbon atoms; R?
is a hydrogen atom or a straight or branched alkyl group
having 1-6 carbon atoms; R*, R® and R®, which may be the same

or different, are a hydrogen atom or an optionally
substituted alkyl, alkenyl, alkynyl or aryl group; R? and R!,
when taken together, may form a furan or a dihydrofuran

ring; R’ and R®, when taken together, may form a cycloalkyl
group or a heterocyclic group in which at least one
methylene on the ring of a cycloalkyl group is substituted
by an oxygen atom, a sulfur atom or an alkylssubstituted
nitrogen atom, provided that R® is not present if the ring
formed by R? ard R' taken together is a benzofuran



L 89 T
4,6-Di-tert-Butyl - 5- Hydr oxy- 2- ( 5- Hydr oxy- 4- Met hyl - 3(E) - {REPLACEMENT SHEET
"Pent enyl ) - 2- Met hyl - 2, 3- Di hydr obenzof ur an [err]H NVR (fg J7 e —

cd[err]) [err] ppm 1.39(s, 3H), 1.41(s, 9H), 1. WudCssoriRRNBSHET
1.65(s, 3H), 1.69-1.76(m2H), 2.12-2.2Q(m 2H),

3.17(d, 1H, J=15. 5Hz), 3.30(d, 1H, J=15.5Fz], 584 e
4.70(s, IHpidg #2(m 1H), 6.63(s, 1H) Mass 360(N[err]) | R
(cmerr]) 3648, 3440, 2964 10 [ Exanpl e 30] Synthesrs or

5- Acet oxy- 2- ( 5- Chl or o- 4- Met hyl - 3( E)t-Bu Pent enyl ) - 4,

6-Di -tert-Butyl-2-Mthyl-2 3-A0
N- Chl or osucci nim de (150 ng) wa
After addi ng di nethyl sulfide
suspension was stirred for
5-acet oxy-4,6-di-tert-

but yl - 2- (5- hydr oxy- 4- nmet-hyl - 8{gg) - pe teny'QE?Z-nethyl-Z,S-

di hydrobenzofuran (0.4 g) in dichlofgnethane (1 m) was 20 . added

Di ) okgH0z of ur an
.égmgﬂu 15 .dichloronethane (4 m).

1 m) dropwi se(g)-5[err]C the
Subsequently, a solution of

dropwi se and the resulting m xture tas stirred at -5[err]C for 90
mn. After the end of the reaction, dichloronethane was distilled off
under reduced pressure and the concentrate was purified by silica gel

chr omat ogr 4phere235%. dalsy the csame meaning as defined above; A is a
' protective group; R* is a hydrogen atom or a straight or
branched alkyl group having 1-6 carbon atoms; and m is an

integer of 0 or 1).

[BACKGROUND ART]

Atherosclerosis is one of the principal causes
of ischemic diseases such as angina pectoris, myocardial
infarction and cerebral apoplexy. The mechanism of initia-
tion and progression of atherosclercsis is closely related
to the oxidative modification of LDL. The modified LDLs

"are not recognized by the LDL receptor but by the scavenger
receptor, to induce the foam cell formation which is
characterized by cholesterol accumulation.

The modification of LDL is caused by endofheiiél
cells, sﬁooth muscle cells, macrophages, etc. and the
modified LDLs are eventually taken by macrophages via the
scavenger or other pathways. It is additionally known that
the modification of LDL by these cells is similar to the
oxidative modification of LDL by Cu®.

LDL is chiefly composed of cholesterol esters,
phospholipids and apo-B-100. The oxidative modification of

LDL is shown from various aspects, for example fragmentation




]
in n-hexane) to afford 5-acetoxy-2-(5-chloro-4-nethyl-3(E) —RE%C}E{*E SHEET

pentenyl)-4,6-di-tert-butyl-2-nethyl -2, 3-di"hydr obenzof uran 0.3
“(yield, 70%9] as a colorless oil. RE‘E’@&WEW8§HEET
- 90 - . . [err]H NMR (270MHz, CDCl[err]) [ err] ppm
1.30(s,9H), 1.37(s,9H), 1.43(s,3H) . 4..72(d, 3H), T.78(m 2H),

2.17(m2H), 2.29(s,3H) , 3.15- ; 34(m v Be98( s, 2H)
5.53(m 1H), 6. 73,(§‘,’11!I;3'“E sompgRpads of th&Zéw%,iO&O(ﬁ@eraﬂ =TT anpl e
31] nt hes| 3§ D= { - Dloterk. | - 25 '
2- (6-p- Tol ﬁﬁnadﬁ}gf\%ﬁ-gx?éa%%é)%ﬁy??%%iéta%og&x_' priipiliyl,

3(B), 7(BE), 11-Tri.enyl)ls; D zof ur an n

3, 7- Di net hg/’%!%?#%-’t %FE%X@S%%%&PE%( E), 6- oc%%her?ecetyl be(iO.%G g)

synt hesi ze?rggegggdgsuqhermnner wWakydl gRupe@dd R? and R 69| REdefersd em (2
m ) consisting of a 4:1 m xture of tetrahydrof uran and

hexanet hyl phogpkerasghti @F Geandhedr alkyl grdiphavpenthne sotatbon (0.55
m) of 1.6 Mn-butyllithium 15 at -78[err]C, the m xture was stirred for
2 h. Subsagoast| gs exempld fNeldubyomexhyl, ethyl, n-propyl, i-propyl,

5- acet oxy- 2- (5-chl oro-4- et hyl - 3(E) - pent enyl ) - _

4, 6- di - t er h—louttyil, 2 smitippl, 2 t3bdityddr obenzoftheareXkyB gyoum as R, R®

tetrahydrofuran (1 m) was added dropwi se at -78[err]C and the .
and R® refers to a straight or branched alkyl group having

1 - 20 carbon atoms, as exemplified by methyl, ethyl, n-
propyl, i-propyl, n-butyl, s-butyl, t-butyl, pentyl, hexyl,
heptyl, octyl, nonyl, decyl. The alkenyl.group as R,
R* and R® refers to a straight or branched alkenyl group
having 2 - 20 carbon atoms, as exemplified by vinyl, allyl,
butenyl, pentenyl, geranyl, farnesyl. | The alkynyl
group as R', R® and R® refers to a straight or branched
alkyqyl group having 2 - 20 carbon atoms, as exemplified
by ethynyl, propynyl, butynyl. The aryl group as R*,
R® and R® means a monovalent substituent that is an aromatic
hydrocarbon minus a hydroggn atom, as exemplified by phenyl,
tolyl, xylyl, biphenyl, naphthyl, anthryl, phenanthryl,
' Carbon atoms on the ring of the aryl group may be
substituted by one or more species such as a halogen atom,
an alkyl group, a hydrogyl group, an alkoxy group, an
amino group, a nitro group, a trifluoromethyl group.
Exemplary substituents include a halogen atom, a hydroxyl
group, an amino group, an alkoxy group, an aryloxy group.
The S5-membered Fing which may be formed by R? and R!

taken together is exemplified by a furan ring and a dihydro-




m xture was stirred for 4 h. After the end of the reacUBEPLAQEMF@IT SHEET

satur ated aqueous sol ution of ammoni um chl ori de was added
‘resulting mxture was extracted with ethyl acetate.

was washed with water and saturated brine, then difi
magnesi um sul fate, and concenBrated. The concentra
silica gel 25 chromatography (25% ethyl acetate in n-hexane) to afford p-
acet oxy- 4 Ia@n gdng b hAchy age (Kaken (eogethex cwdth| £hayFad 3525“‘
?082é29t2| r%tﬂg/l tri decggog)gf%tatrgﬁl?ééztrxlpz?aglz)-iggg)and Z dihydrobengenzowr an

.21(5 3H)f“rf"zg’i‘§‘93mée¥%%§% 270*\@%( Y%Jﬁgi\fﬁyl) group whith! m89M

g:?),(rzn i’z s Eﬁ%ﬂ @&2’1%@( ‘Bg%keékog?&%ggg} refers to 2 H{Cloa;bkyl

1 85(d, 1 33
.ozgm 1:))g SoI5(m 1 %Q 35 %Eésgilﬁn atoms, as exempllé %é( gylﬁf—? 26Hz) ,
. 71(d, 2Hpkopydb H@yclobui?%sscyclo%&t?é%ﬂ eckia:iohexyl [E&%‘fﬂé'h%n%%]l 10
u

Synt he5|s of 5-Acetoxy-4 -tert t hyl - 2-

(4, 8, 12- Trgyalidudtyl deca-'3( Bhe M&eﬁdcféleelgrauﬁ which may be formed
Di hydr obenzof ur an

5- Acet oxy-b¥ ®R*dandeRf - balkenh - ﬁegétperohnénéaumwﬂ at least one

4,8,12-trinethyltrideca-3(E),7(E) ,11-trienyl)-2,3-di hydro-
methylene on the ring of a cycloalkyl group is substituted

NUINRP PR

by an oxygen atom, a sulfur atom or an alkyl-substituted
nitrogen atom may be exempiified by a tetrahydropyranyl
group. The protective group as A may be exemplified by
acefyl, bgnzoyl, methyl, methoxymethylﬁ methoxyethoxymethyl,
benzyl, trimethylsilyl, benzyloxycarbonyl, tetrahydro-
pyranyl, 2-trimethylsilyl)ethoxymethyl, - with acetyl
being_preferred.
[BEST MODE FOR CARf{YING OUT THE INVENTION]

The compounds of the present invention may typically

be synthesized by the following methods.



15 _benzofuran (0.26 g) was dissolved in tetrahydr'ofurarfmmjﬁﬁ '?’Me

A1

r

a nitrogen atnmosphere. Palladiumchloride [1,4- -BHEET
‘bi s(di phenyl phosphono) but ane] conpl ex (23 ng) prepared i

manner was added to the solution at O0C, there- aft

tetrahydrofuran solution (0.76 m)~ 05f I Mlithium 20 e
was added dropwi-se and the mi xture was stirred for}] 24 h at -20C.

After the thed zsfaqtiion gHottiune was poureshiinte sthtemieritriiizem with

ammoni um chl ori de was added the resulting m xture was extracted with

et hyl acetldl @aquaqus 5°di‘%‘? JWiTOR iR anth SuRlamied th SRERACHHRA it R at ed
brine, 25 .drjed over dr ous rragne5| um and concentrated. The

concent r atSFREs atﬁﬁ'tﬁ?ee‘d &i95ERR e %mr%ﬁ%gﬁ%ﬁﬂﬂl c(\@%magnes:eqrhw
LT i SR ot s muciios

- 92 - | d. 550
T i o i SN A st

ppm 1.8 -l"ge Z?-h‘ér R M&Mdeﬂyég(ﬁlé% g).2

1.67(s, 3H), 198211(m 3.07-3.35(m 2H)

5.10(m 3H) ,;m K 73(s, 1H9. o°c Mass 522(|\/[err]) *—[—Exa'rrpl'e—%]——
Synthesis of 4 6-Di-tert-Butyl-5-Hydroxy-2-Mthyl-2- 10 ~ ____ .~ . y

(4,8, 12- Trinagdy! t ri a2 0F) 280F) 23%-, TrRugnylsy- 2, 3-
'y NMR (60MHZ, CDCL,) '

& ppm 1.35(s,9H), 1.54(s,9H), 2.35(s,3R), 6.92(s,1H),
10.67(s,1H), 12.32(s,1H)
IR (cm™*) 2976, 1758

[Reference Example 15]

Butenvl Jphenol

_ A solution of 3-bromopentane (1.3 g, 8.6 mmol)
in tetrahydrofuran (10 ml) was added to magnesium (0.21 g,
8.6 mg atom) under a nitrogen atmosphere to prepare a

Grignard reagent. A solution of 5-acetoxy-4,6-di-tert-'

butyl-z-hydroxybenzdhmhyde‘ (1.0 g, 3.4 mmol) in
tetrahydrofuran (5 ml) was added dropwise to the reagent.
After stirring the mixture at room temperature for 30 min,
a 5:2 mixed solutiofi (7 ml) of water and coﬁc. HCl was
added to the reaction mixture, followed by stirring at
room temperature for 30 min and subsequent extraction with
ethyl acetate. The organic layer was dried over anhydrous
magnesium sulfate and concentrated. The concentrate was

. purified by silica gel chromatography (10% ethyl acetate in



Di hvdr obenzof uran (Conpound a) L|th|un1aIBEPLAGEMﬁmH:ﬂHBE$ ”U)
was suspended in tetrahydrofuran (3 m) under ajni
A sol ution of 5-acetoxy-4,6-di-tert-butyl-2-mnet
tr{nethyltnideca-3(E),7(E),11-trieny|)-2,3-dihydroben
in tetrahydrofuran (2 n) was added 6% epwi se to

cooting V! boiGeiofl b8! REAN. AR UURY -2 6-ailEldilhd;

cool ed to room tenperat ur ter was ad

r OpW S€. g

addi tion B]}:oégi/‘bxggenz@%'eﬁﬁ%e@ah V¥ fllpdd!r & WES) SN esdddd tegextraction

W th e organic | ayer was dried over anhydrous

magnesi umkdl kakpeABd oRORGANWHY aflxthives G eFd fRiked'agor 3 h. puaified by
silica gel chromatography (n-hexane) to afford

4, 6- di - t eghtthyedS abudowsy sdlIEiind -SFf (duodfur reibdFyde w2 added to

trideca-3(E),7(E),11-trieny|)-2,3-dihydrobenzofuran [ 70 ny (yield,
69%) ] as zheokerkdieonomixture under ice cooling and the precipitate93 -
[err]H NVR (270MHz, CDCl[err]) [err] ppm 1.38(s,3H), 1.41(s,9H),

1.43(s, 3Hyas1ngG§rgQ)off together with Qh§9§@h2#§oua_qu;u@pyulfate.
1. 90- 2. 14%3112k0 3.15(d, 1H, J=15. 7Hz)
3.31(d, 1HThe; $iltrpte was concentrated, G‘B@smﬂflsdlleﬁ(n?el&caagsé(s 1H)

Mass é%§p$Vkog£EEhy (10% ethyl acetate in n-hexane) to afford
2,6-di-tert-butyl-3-methyl-4-propyloxyphenol (150 mg) as

a colorless oil. .

Mass 278(M*)

‘E NMR (60MHz, CDCl,)

-8 ppm 1.06(%,3H,J=6Hz), 1.45(s,9H), 1.61l(s,9H),
1.80(m,2H), 2.38(s,3H), 3.85ft,ZH,J=GHz),
4.90(s,1H), 5.75(;,1H)

(Example 16]

Synthesis of l-Acetoxy-4-Allyloxy-2,6-Di-tert-Butyl-3-
Methylbenzene and 1,3-Bis(4-Acetoxy-3,5-Di-tert-Butvl-2-
Mehtylphenoxyv)propane _

Sodium hydride'(llo'mg) was suspended in N,N-di-
methylformamide (5 ml) and a solution of 4-acetoxy-3,5-di-~
tert-bufyl-2—methylphenol (6.6 g) in N,N-dimethylformamide
(5 ml) was added dropwise to the suspension at 0°C. After
stirring for 30 min, 1,3-dibromopropane (0.36 ml) was added
in one portion and the mixture was stirred for an additional
2 h. The reaction mixture was poured into a saturated
aqueous solution of ammonium chloride and subjected to.

extraction with diethyl ether. The extract was washed with



REPLACEMENT SHEET|
5 . IR (cnferr]) 3648, 2964 [ 1 NDUSTRI AL APPLI CABI Lji Tv sNT SHEET
The conpounds of the invention that are represented

‘ | . . ( . y e er al
formula (1) have a highly selective anti - oxi dativ cﬁ%&%@ﬁé}?ﬁ%ﬁ%§p

[k

useful as therapeutics of igcpinic di seases such a

I nfarction, cerebral apopl exy’and arteriosclerosis.] The conpounds of

t he ldskenin cxil drinbdum ity depd€SED0 efig Pyihheegeanydko

are intermedi ates suitable for producing the conpounds of t he general
formul a (lynder a nitrogen atmosphere. After refluxing for 2 h, the - -
94 - - 95 -

CLAI MB mixture was cooled to room temperature and water was added
' dropwise. After adding 1N aqueous.sodium hydroxide (5 ml),
the mixture was subjected to extraction with diethyl ether.
The organic-layer was dried over anhydrous magnesium sulfate
and concentrated. ' The concentrate was purified by silica

gel chromatography (n-hexane) to afford 4,6-di-tert-butyl-5-

hydroxy-2-methyl-2-(4',8',12'-trimethyltridecyl)-2,3-dihydro-
benzofuran [54 mg (yield, 56%)] as a colorle;s oil.

Mass 486(M"), 471, 149, 57

-H NMR (270MHz, CDCL,)

& ppm 0.83-0.88(m,12H), 1.08-1.64(m,18H), 1.36(s,3H),
1.41(s,9H), 1.49(s,9H), 3.14(4,1H,J=15.7Hz),
3.27(d,1H,J=15.7Hz), 4.68(s,1H), 6.63(s,1H)

IR (cm™) 3656, 2956

. [Reference Example 21]

Synthesis of 4-Acetoxy-3,5-Di~tert-Butyl-2-(2, 2~

Diisoamyl-1-Hyvdroxyethvl )phenol
Lithium (2.8 g) was“added to a solution of 5-

acetoxy-4,6~di-tert-butyl-2-hydroxybenzaldehyde (24.3 g)

and S5-bromo-2,8-~dimethylnonane (47.0 g) in tetrahydrofuran
(200 ml) under ice cooling under a nitrogen atmosphere and
the mixture was stirred overnight. The reaction mixture was
poured into ice water, neutralized with a saturated agueous
solution of ammonium chloride and subjected to extraction
with diethyl ether._ The extract was washed with saturated

brine, dried over anhydrous magnesium sulfate and the

ET



1. . A conpound represented by the general formula (1): ° [err]
where R err] is a hydrogen atomor an acyl group; R2 is a straight or
‘branched al kyl group having 1-6 carbon atons; R3 is a hyqruget—at-ofm-or
straight or branched al kyl group having 1-6 carbon atons;k

and Rlerr], which may be the same or different, are a hyq
optional ly substituted alkyl, alkenyl, gktkynyl or aryl g
R4, when taken together, may forma furan or a dihydrofu
and Rferr], when taken together, may teaFmg cycl oal kyl g
het erocyclic group in which at | east one nethylene on thg ring of a
cycloal kyly group AScSmhdind U&srdyerfe@Xygetnat Ehe@aiukaﬂhua 0 —
al kyl - substltuted nitrogen atom provided that err] is not present if the
ring formed by Rlerr] and R err] taken together is a benzofuran ring.
2—A-—conpound-—Tepresented by the Qeggralefornula (rr): Jerr]

as the sa fined inclaiml, Ais a
o N IDIRFARENE:® << ot #

G a straight or branched al kyl
grotip hai n§ 1#6 tarbon atons; én i nigdger of 0

O)K‘RS (It

where R' is a hydrogen atom or an acyl group; R?* is a
straight or branched alkyl group having 1-6 carbon atoms;

R?® is a hydrogen atom or a straight or branched alkyl group

having 1-6 carbon atoms; R?, R® and R°, which may be the

same or different, are a hydrogen atom or an optionally
substituted alkyl, alkenyl, alkynyl or aryl group; R* and
R, when taken together, may form a furan or a dihydrofuran

ring; R® and R°, when taken together, may form a cycloalkyl
group or a heterocyclic group in which at least one
methylene on the ring of a cycloalkyl group is substituted
by an oxygen atom, a sulfur atom or an alkyl-substituted
nitrogen atom, provided that R® is not present if the ring
formed by R? and R* taken together is a benzofuran ring.

2. A compound represented by the general formﬁ{a (II):
t-Bu
AQ (CHZ)N-CHO
(o)
t-Bu 0r?

g3
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where R’ has the same meaning as defined in claim 1; A is

-a protective group; R' is a hydrogen atom or a straight or

branched alkyl group having 1-6 carbon atoms; and m is an

integer of 0 or 1.

_—_—

R



