WD 03/ 045884 PCT/ US02/ 35781 TI TLE PROCESS FOR PREPARI NG

3,3 ,6,6" - TETRAALKYL-2,2' 5 BI PHENOLS AND

3,3, 6, 6 WOBBRARRKYL-5, 5" - DI HALO- 2, 2' - BI PHENOLS FI ELD OPCTHES0R/BSMBENTI ON
This invention relates to a process for preparing 10

3,3 ,6,6"-tetraal kyl -2, 2' -bi phenols and 3,3',6,6' -

tetraal kyl -5, 5" -di hal 0-2, 2' - bi phenol sTIBAEKGROUND OF THE | NVENTI ON
Substituted bi phenols such as 3,3 ,6,6 15 tetraal kyl-2,2'-biphenol;
3,31,4,41, 5,5  BRECESYH TR REFEBRING h} nhon & -BEBRAALEYL &2 2 _hexaal kyl -
2, 2' - bi phgnol s; Sanh €3 r pal r 2 'ﬁﬁ@ﬂ_ e 3 _ ' _

al kyl -5, 5§, 6, ?I%é‘}%ﬁ% - oct%h%d'r%?/éz, gl'llfz{)}iz%pht 8#';5 DIHALO-2, 2

3,3 -dialkyl-5/5,6,6",7,7 8, 8 -oct 33pdENORS2' 20 bi napht hol and

3,3 6,6"-tetral kyl-5,5"-di hal 0-2, 2" - bi phenol are conpounds that can be
used to make phosphorus-based catal yst |igands. Such ligands include
phosphi nes, phosphinites, phosplgagrbedr aat phesmritoxs. Mono( phosphorous)
| i gands are conpounds 25 that cOntain a single pnospnorus atom which serves
as a donor to a Thagsinvertienarelakesetli &( pressRer d9¥ Pregardsgd in
general , ., cont,ai,n P I dgngr, _at d pikcal | ormcyclic
chel ate %?ruéﬂ&régw%it%giggg%g§?i%hanegggggnggglﬁhée%é?ar¥'%iphenols can be
made by the exitdabilkel-coupl-digadb-enraneppberabds.but often ot her types of
products, such as ketones, are obtained, and/or overall vyields are poor
for other reasons. Phenols can be oxidatively coupled to make the 35
correspondi ng bi phenol s by gh&creendf o vaE ehveRfirton 1 WO 03/ 045884

PCT/ US02/ 35781 oxi di zi ng agents, such as mitric acid, ferric chloride,
Substituted biphenols such as 3,3’,6,6'-

15 tetraalkyl-2,2’-biphenol; 3,3’,4,4’, 5,5',6,6'-
octaalkyl-2,2’-biphenols; 3,3’,5,5’,6,6’-hexaalkyl-
2,2’ -biphenols; 3,3’,5,5’-tetraalkyl-2,2’-biphenol; 3-
alkyl-5,5',6,6',7,7'8,8'-octahydro-2,2'-binaphthol;
3,3'-dialkyl-5,5',6,6',7,7'8,8'-octahydro-2,2"'-

20 binaphthol and 3,3'6,6'-tetralkyl-5,5’-dihalo-2,2’-
biphenol are compounds that can be used to make
phosphorus-based catalyst ligands. Such ligands
include phosphines, phosphinites, phosphonites, and
phosphites. Mono(phosphorous) ligands are compounds

25 that contain a single phosphorus atom which serves as a
donor to a transition metal, while bis (phosphorus)
ligands, in general, contain two phosphorus donor atoms
and typically form cyclic chelate structures with
transition metals.

30 In general, biphenols can be made by the oxidative
coupling of (mono)phenols, but often other types of
products, such as ketones, are obtained, and/or overall
yields are poor for other reasons.

Phenols can be oxidatively coupled to make the

35 corresponding biphenols by the use of a variety of



potassium ferricyanide, chromc acid, 2,3-dichloro-5,6- di cyanobenzoqui none
and di-t-butyl peroxide. 2,2' 5

Di hydr oxyw®,03/04384 i sopr opyl - 6, 6' - di net hyl bi phenyl can bepomdasaz/sstsf r om

2-i sopropyl - 5-net hyl - phenol with 2,3- dichloro-5, 6-di cyanobenzoqui none or

di -t-butyl peroxide. See Tetrahedron, 1875, 1971 and J. Chem Soc., Perkin
Trans. 11, 587, 1983. Sone of the 10 oxidants and/or co-catalysts |nvolve

the use of CHIELAIBHy 2GLPERsI FEEn@FoPiEXpFogFrHE (6€F6%Fd€§}or&9ﬁpounds

whi ch pose dFé%@%%@h%g%érEQEya%&@% seak8miCOARRKECI 8l 3UggchPBeBaESgcan al so
be oxidative coupl ed using a 15 combi nation of a’transition metal

cat al yst anddaﬁya@@bénZOEQIQQQﬁta@dcﬁla§ betyll barexadeon 8r26xygen. See
U.S. Patents 8,077, 979, 4,139,544 2,722, 4,048, and 4, 108, 908.

See al oo 5. ByYaGRER 318532 T5orEaRR IaRA®) AL g B 534S, 2aB aoas.

The cited ZOanb&ﬁbarédSQEQ&ezth%o@&@pgﬂ exmgenya3pa5n61|du2hng 3agent with
vari ous copper. conpl exes as catalysts (copper chromte; copper acetate

with sodlunldﬁ@P&&ﬁPoéeéfQPEYaBSFﬁQFOQHépépé @t A1-t-butyl

pent asodi unt di.ethylyenet ELamraeRaRkacehat €1559PPe6 745 sa6€Hat niht h
1, 3- di ami no- 2- hydr oxypropane-tetraceti ¢ acidj. The exanpl'es in the patents

di scl ose t heSegse, oPerzlﬁ-HmsuBstﬂﬂuté@7phéﬁ6B or S2mé4- dif- téet - but yl phenol .
The use m ne .cat al yst th ox an OX|d|2|ng agent, has
boen_ desht i beRoEREanABEL PEb36 hAC Kt Ro SEYPAXE, TBECHERI Phg. of
2,4-di-tert- &@nﬁhﬂh@mglexgeﬁahhﬁlaﬁdvaktehpuwb@b@nqberox1des)
2-chlor-4-tert-butyl phenol and 4-tert- but{lphenol See J. ? Chem 1984,
49, 4456 an@O¥PoBRgs. Ceirh19gse dgsagdyagtages fpp dsrogsggale
PCT/USOZ/BS?%%mﬁgQgggllgsg continuing need in the art for nethods for

I

maki ng wi th decent yields substituted biphenols
Phenols can also be oxidatively coupled using a

15 combination of a transition metal catalyst and an
oxidizing agent such as persulfate anion or oxygen.
See U.S5. Patents 6,077,979; 4,139,544; 4,132,722;
4,354,048; and 4,108,908. See also J. Org. Chem. 1984,
49, 4456 and J. Org. Chem. 1983, 48, 4948. The cited

20 patents disclose the use of oxygen as an oxidizing
agent with various copper complexes as catalysts
(copper chromite; copper acetate with sodium
mercaptoacetate; copper acetate with
pentasodium/diethylenetriaminepentacetate; copper

25 acetate with 1,3-diamino-2-hydroxypropane-tetracetic
acid). The examples in the patents disclose the use of
2,6-disubstituted phenol or 2,4-di-tert-butylphenol.

The use of copper amine catalysts, with oxygen as

an oxidizing agent, has been described in connection

30 with the oxidative coupling of 2,4-di-tert-butylphenol,
2-methyl-4-tert-butylphenol, 2-chlor-4-tert-butylphenol
and 4-tert-butylphenol. See J. Org. Chem. 1984, 49,
4456 and J. Org. Chem. 1983, 48, 4948.



sui tabl e for maki ng phosphorous-based catal yst |igands. 5 SUWARY OF THE
INVENTION In its first aspect, the present invention is a process for

maki ng a wormpoussd4 of the formulal HH \'\' O OR *R2 ~PRI/NS02/43781b RZ X
10 I wherein Rl is Cl to O primary or secondary al kyl or cycloal kyl, R2
is Clto dO primary or secondary al kyl or 15 cycloalkyl, and Xis H d,
Br, or I, conprising: (1) when X is O (a) .chlorinati a conpqund of the
formula 20 Il H &"eRe 3Seg CSRFiRwing ngedi 4B AhFodrti g%rt ReEBBESt o

produce a ceppowadiah WHenf geBuha Lhik1ds WEHA3404BE84pPEREHSPS/ 35781 H

suitable for making phosphorous-based catalyst ligands.

5
SUMMARY OF THE INVENTION
In its first aspect, the present invention is a
process for making a compound of the formula I
H H
\ \
o o]
R' R’
@ Rz RZ @
X X
10 I

wherein

R' is C; to Cy primary or secondary alkyl or

cycloalkyl,

R? is C; to Ci primary or secondary alkyl or
15 cycloalkyl, and

X is H, Cl, Br, or I,

comprising:

(1) when X is Cl1

(a) chlorinating a compound of the formula

20 II

R!
! R?

IT
at the 4-position thereof to produce a

compound of the formula III



0 R R x II
the 5 formula I11

formula 10 11

formula 11
formula 11
wherein X
wherein X

25 is d,

| wherein X
| wherein X

is O, and (c) Yechlorinating the compound of the
is O to producefa conmpound of the fornmula I wherein Xis
or (3) when X is Br or”®

the 4-position thereof tg

Xis C to produce a

03/ 045884 PCT/ US02/ 35781 (c) d

wherein Xis d,

is A, (b) oxidatively coupling the conpound
to produce a 15 conpound of the fornula I

is

conp

chlorinating a conpound of the fornula

i ng the conpound of the fornula II
g&ﬁthe formula | wherein Xis d, 4

wherein X is Cl to progueeean X is C1,

10

15

20

25

(2)

(3)

(b)

when

when

oxidatively coupling the compound of the
formula IITI wherein X is Cl to produce a
compound of the formula I wherein X is
Cl;

X is H

chlorinating a compound of the formula
IT at the 4-position thereof to produce
a compound of the formula III wherein X
is C1,

oxidatively coupling the compound of the
formula III wherein X is Cl to produce a
compound of the formula I wherein X is
Cl, and

dechlorinating the compound of the
formula I wherein X is Cl to produce a
compound of the formula I wherein X is
H; or

X is Br or I

chlorinating a compound of the formula
IT at the 4-position thereof to produce
a compound of the formula III wherein X
is C1,

oxidatively coupling the compound of the
formula III wherein X is Cl to produce a
compound of the formula I wherein X is

Cl,

(b) oxidatively coupling the conpound of
wherein X is O to produce a conpound of the formul a
wher ei n XvD3/0@884 (2) when X is H (a) chlorinating a conpeamdisot/337ee

at the 4-position thereof to produce a conpound of the

of the

formul a |

20 H
Il at

pduce a conpound of the fornmula Il wherein X

wher ei n
WO

| ori nating the conmpound of the fornmula I



compound of the formula | wherein Xis 5 H and (d) substituting Br or |
respectively, for Hat the 5 and 5 positions of the conpound of the
formul a Iwateneiss4 X is H 10 In its second aspect, the preIdrsn2/B3Teenti on
is a process for nmaking a conpound of the formulaIVHH \'\ 00 R 31
R 465 4 R4R X X 1V wherein 15 Rl is C _ to Cl0 primary or

secondary al kyl or IoaIkyI R4 is Cl to Cl10 rlnary r secondary al kyl
or cycloal kyl, and X ﬁ erhleringpipg EbecﬁﬂgPPEFﬂg (§9"ewhen X is H

(a) alkylating a conpound ofomelgomwherymmolsRblztesfsgroaééeva 25 at the
4-position thereof to produce a conpound of the fornula VI - WO

03/ 045884 PCT/ US02/ 35781 compound of the formula I wherein X is
5 H, and

(d) substituting Br or I, respectively, for
H at the 5 and 5’ positiong of the
compound of the formula I wherein X is
H.
10 In its second aspect, the present invention is a

process for making a compound of the formula IV

\o \o
R' R’
Y
X X
Iv

wherein
15 R!' is C; to Cy primary or secondary alkyl or
cycloalkyl,
R* is C; to Cio primary or secondary alkyl or
cycloalkyl, and
X is H, Cl, Br, or I
20 comprising:
(1) when X is H

(a) alkylating a compound of the formula V

\O
R
R
\Y
25 at the 4-position thereof to produce a

compound of the formula VI



HO R R R3 VI

wherein R3 is C4 to C20 tertiary alkyl

oxi datively coupling the conpound of the formula VI to
of the fwomalasssdl HH '\ OO R R*FRe 6 2 3 5

(c) deal kylating a conmpound of the fornula VIl to produ
the formula |V wherein Xis H or (2) when Xis d, Br,
al kyl ati ng a conpound of the fornula V at the 4-positio
produce a conpound of the\fornula VI, (b) oxidatively c

conmpound of the

formula VI| to produce a conpound of the

(c) deal kylating a conp f the formula VII to produ
the formula 1V wherein H and (d) substituting C
respectively, 25 for Ha H and 5' positions of the
formula IV wherein X is L

VI

10

15

20

25

produce a conpound
4 PRT/IB0835780 VI |
ce a compound of

or I 15 (a)
n thereof to
oupling the

20 formula VI,
ce a conpound of

Br, or I,

conmpound of the

wherein R?® is C; to Cp tertiary alkyl,

(b) oxidatively coupling the compound of the

formula VI to produce a compound of the

formula VII

H H
\ \
o) o)
R [ i R'
R* R
R® R®
VII

(c) dealkylating a compound of the formula

VII to produce a compound of
IV wherein X is H; or
(2) when X is Cl, Br, or 1I
(a) alkylating a compound of the
at the 4-position thereof to

compound of the formula VI,

the formula

formula V

produce a

(b) oxidatively coupling the compound of the

formula VI to produce a compound of the

formula VII,

(c) dealkylating a compound of the formula

VII to produce a compound of
IV wherein X is H, and

(d) substituting Cl, Br, or I, re
for H at the 5 and 5’ positio
compound of the formula IV wh

H.

the formula

spectively,
ns of the

erein X is



H - 6 WD 03/045884 PCT/US02/35781 1In its third aspect, the present
invention is a process for making a conmpound of the formulal HH \' \ OO
R R *FRVOD3R4384 6'5' 4 2 RZ X X 5 wherein Rl is Clprca/uSif)3y8i mary or
secondary al kyl or <cycloalkyl, R2is Cl to C10 primary or secondary al kyl
or 10 cycloalkyl, and X is H, ~conprising: (a) oxidatively coupling a
conpound of the fornmula IIl 15 HO R Rz x IlIl wherein Xis O, to
produce a conpoundTof tEhéhifrgy AFPECt whdeePFeReNS dnveatdopo ighp

dechl ori nat i Rg-Jdae <€ FROUAG 0y tah%o,r{pgjrurﬁ@ af rperei i s G to produce a
conpound of the formula I V\,herel n I's

\ \
o o

wherein

R' is C; to C;p primary or secondary alkyl or
cycloalkyl,

R? is C, to Cyp primary or secondary alkyl or

10 cycloalkyl, and

X is H,
comprising:
(a) oxidatively coupling a compound of the
formula III
15
H
\
o]
Rl
RZ
X
IIT
wherein X is Cl, to produce a compound of the
formula I wherein X is Cl, and
20 (b) dechlorinating the compound of the
formula I wherein X is Cl to produce a
compound of the formula I wherein X is
H.
25 In another aspect the present invention is a

compound selected from the group consisting of



H 25 In another aspect the present invention is a conpound selected from
the group consisting of - 7 WD 03/045884 PCT/ US02/ 35781

3,3, 6, 6'wWoanaisset hyl - 2, 2' - bi phenol , and PCT/US02/35781

3,3 -di-isopropyl-6,6"-dinentyl-2,2"-biphenol. 5 DETAI LED DESCRI PTI ON OF
THE | NVENTI ON The first aspect of the present invention provides a process
for preparin% 3,3 ,6,6'-tetraal kyl -2, 2" - phenol , conprising (1)
subst it uti ng3chl ofi-hé -FEET2RGENY) éeﬁ at PHEh@noﬁosﬁpﬁon of

2, 5-di al kyl phenolg;(2)5,1LQop%hdat, '6ve'dxm%%gh' BYot heipgsubling 2, 5-dial kyl - 4-
chloro phenol, and (3) renobving chlorine fromthe resulting conpound The

second step is carried out by analogy wth the nethods of Sartori, et al

(Tetrahedron, 1992, 4 e rather than its
dlchlorog$un1nate der%ET %%% sort &QgNI 3 Eh% ss are shown

below. H O H, R|TheR£1&sBQaSpB%t ol tH%)ﬁ%EH%h@ @h@bneloﬂlprovlaéé~ Rl R2
/| R R/ C C C HOHOHOHO R 1\ \ RI R ,,I \ \ RIR R R R

Cl C wherei @ R¥Ocsse1frs ererpriikgr v érf§eéonH§FVaéﬂkyﬂ 8r2'20 cycl oal kyl ;
and R2 is ClphanCho:pr LBREY 184 n§eq9ndatkst akk¥l ng" chYEL9aLK YLy

hydrogen at the 4- position of 2,5-dialkylphenol, (2)
10 oxidatively coupling the resulting 2,5-dialkyl-4-
chloro-phenol, and (3) removing chlorine from the
resulting compound. The second step is carried out by
analogy with the methods of Sartori, et al
(Tetrahedron, 1992, 48, 9483), but using the free
15 phenol rather than its dichloroaluminate derivative.

The three steps of the process are shown below.

wherein R' is C; to Cio primary or secondary alkyl or
20 cycloalkyl; and R? is C, to Cio primary or secondary

alkyl or cycloalkyl.



- 8 WD 03/045884 PCT/ US02/ 35781 Preferred RL are nethyl, ethyl, n-propyl,
i sopropyl, n-butyl, sec-butyl, cyclohexyl, and cyclopentyl. Preferred R2
are met hywoand4s8hyl . The 5 al kyl groups at the 2- and 5Pp@diSopsssnay be
the sane or different. In the first step of the process, a 2,5-

di al kyl phenol can be reacted with a chlorinating agent, such as chlorine
or sulfuryl chloride, preferably in 10 the presence of 1 to 10 nol % of a
catal yst such as PaP&RIFEEH Bﬁla(ﬁei Fedyla EWEMA. UPH®Y Isuch as di phenyl
sulfide or a;m t her Se 1 J e 1985, 50, 2145.
The reactionlnagkgg9%én§uggggl'nggpa a??%éufygﬁgg §g?f?589 in a medi um such
as 15 di chl ocymébbantylchl BreffenzedeR? areotirhyilnemd sahydnt Tite a

tenperature b en_-30 an C, .preferabl t _about 25 C The reaction is
Lyl call v pePTEYIna=RERS, ACabBt: 25 ABSPRGPPECHPRESTFY Po: ChaeBopr
operation. |prtherseeend.step of the process, the resulting 20

2, 5-di al kyl - 4-chl orophenol can be oxidatively coupled to give the
correspondi ng di mépi éhenférspherePsofsthe. process, a 2
di chl oro-3, 3';:6; 6" I -2.2' -hi ngl: h ; for
oxi dative coup ﬂ%&léﬁgﬁﬁg 5§h|§FiﬁS?EBQ§h§%%Fszi§hE§§§ GEefqELORE,
iron(l11) sakuch 25 phébeiabl prf enifarghl ohiideiden arsfierable pal ar,
aprotic sol ve such as di ¢hl or onet han nitronet hane, preferably

t or
nitronpthBne tHE PEREEASELPE LbEOWABNTBERaRE BOBCALYFEr SHFY aBout 35C. The

product is i solatedmbyndblutiboBrvit Riwgyer sandid@ bikhr aki @pnbAythe third
step of the process, dechlorination of
5,5' -di chl or su3f3degog' at mikhurRythereofpj pheaolatsean Be Q&Bonpl i shed by

hydr ogenol yticf,[,2dusbi@n &9, Bi9Yl dexhhe LAYl Ladngy ShebunahtiLadl kyl -2, 2

neat (without a solvent) or in a medium such as

7

15 dichloromethane, chlorobenzene, or other inert solvent
at a temperature between -30 and 60°C, preferably at
about 25 °C. The reaction is typically performed at or
about atmospheric pressure for ease of operation.

In the second step of the process, the resulting

20 2,5-dialkyl-4-chlorophenol can be oxidatively coupled
to give the corresponding dimeric chlorophenols (5,5'-
dichloro-3,3’,6,6’ -tetraalkyl-2,2’-biphenol). The
preferred method for oxidative coupling of the
chlorinated phenols is by the use of an iron(III) salt,

25 preferably ferric chloride, in a suitable polar,
aprotic solvent such as dichloromethane or
nitromethane, preferably nitromethane at temperature
between 0°C and 60°C, preferably about 35°C. The
product is isolated by dilution with water and

30 filtration.

In the third step of the process, dechlorination
of 5,5’ -dichloro-3,3’,6,6’ -tetraalkyl-2,2’-biphenols
can be accomplished by hydrogenolytic reduction to

provide the required 3,3’ ,6,6'-tetraalkyl-2,2"'-

- 9 -



- 9 WD 03/045884 PCT/ US02/ 35781 bi phenols. The reduction is carried out
in the presence of hydrogen gas, preferably at pressures between 1 and 50
at nospherwe andsssenper at ure between 5 5 and 80C, and a fomreatEsoxai7’81 such
as sodiumformate, and Raney(r) nickel or palladiumcatal yst such as

pal | adi um hydroxi de on carbon. If a palladiumcatalyst 1is used, the
reaction is generally carried out in a, protic solvent such as nethanol,
cont ai ni ng 1P&PhEN2LE - 10TBGuF PErERL SN0 SaR2aKkiRE SHENIBStRRI et hyl anine to

absorb. the Bydagen el ayideBrodugedokabbgpisasti ghesTigegecond aspect

of the present iInvention ~“provide process for preparing a conpound of
the fornul abkVYweeonpr asidngo( ay¥meabberest ang aetpetrabunyelbenwvkgh §T oup for

P g 418 AL, T el B A S o

tertiary al kghdgraupy®r aarkbe sesphlingicenpaualysfheuchhage steps of the

process are shown beromﬁ HOH 10 RI'\RRRBR HHH OO 1 R(\ _RL

| \ 1 \ Rl RalRkadrgw hyggorgdesonyeprbrn- H If-2 RalRadowm catalysRy \ Rl

R4 R4 is used, the reaction is generally carried out in a
protic solvent such as methanol, containing 1.0 to 4.0

10 equivalents of an amine such as triethylamine to absorb
the hydrogen chloride produced in the reaction.

The second aspect of the present invention
provides a process for preparing a compound of the
formula IV, comprising (1) substituting a tertiary

15 alkyl group for hydrogen at the 4-position of 2,5-
dialkylphenol, (2) oxidatively coupling the resulting
2,5-dialkyl-4-tert-alkyl-phenol, and (3) removing the
tertiary alkyl group from the resulting compound. The

three steps of the process are shown below.

20

- 10 -



20 RB Rs R4 R4 - 10 WD 03/045884 PCT/ US02/35781 wherein RLis Cl1 to Cl10
primary or secondary al kyl or <cycloalkyl; R4 is ClL to ClO0 primary or
secondar ywal dsphssseor cycloal kyl; and R3 is C4 to C20 terti acylusab/ByB1 5 I n
the first step of the process, a 2,5- dialkyl phenol can be reacted with a
tert-alkyl halide in the presence of a Lews Acid catalyst, such as zinc
chloride or alum numchloride, to give a 2,5-dial kyl-4- tert-al kyl phenol .
Al ternativel YPeERAN2 RS 3F afkyiQ £100PYEFRT Y| RY | pherdfavarebeybrepared from

contacting 2:9+1dihakkyl.pRenol Wity 2 2- i phkyl ethylensn resence  of
an acid catafggt.aAn§éxanple of the éft%#nati%e netﬁ%% €§§?ﬁggy
i ncor por at i oprofyalvedkyBut pndgRdups i @ 6o Che teripesivl elkofl .

2, 5-di al kyl phenol _b ing 2,5 15 dial kyl phenal with_isobutylene in th
nce Bi " ULt G E°EeEd-oTn FRB LcbRA LFBRCAP (Ao pPocess, |

presence of su process,

2, 5-di al kyl - @4 at ekt pakkiplpkanobeCc2Babecaxivddhi ¥ekyreoupked Hsihgea copper
di am ne catal yst and oxygen as the oxidizing 20_agent. The copper diam ne
cat al yst caniBetpreparEENGSi A§ at ReWpFoREddr 628a3¥Frhe8UFR BReZTBEr ahedr on

Letters, 1934;,3%4e/283214nG0RREELABLEHE, sUChi38 QUE o &Y Cyl, or
cud 2, is adgeéotodg %?x?uﬁg 0 aFcoggh, éuc% 9% asgﬁef aﬁgF?kX%gﬂmater and
t he di am ne ksrslalkylatdedl. ARleernheimddit i oheob,bhdidikplne- air is

spar ged hr ough t i xture with vigorous stirring. The .catalyst is
PP oo d AuB Rl R TREErET, Cohnob  BoE B R R by EBREGRE 801 A the
filtrate anddﬁbhkgnbngna@ Whendesbradatryakbysil1ehBeigatabyptesancal so be
prepared in situ by contacting the copper halide and the diamne in the

sol vent for Pheadoapirngareadvsron. Ansgreaple 961 ¢bat 3lfernahévexi dative
coupling of R@khgadis the incorporation of a tert-butyl group into

the 4- position of 2,5-dialkylphenol by reacting 2,5-
15 dialkylphenol with isobutylene in the presence of
sulfuric acid.

In the second step of the process, 2,5-dialkyl-4-
tert-alkylphenol can be oxidatively coupled using a
copper diamine catalyst and oxygen as the oxidizing

20 agent.

The copper diamine catalyst can be prepared using
the procedure described in the Tetrahedron Letters,
1994, 35, 7983. A copper halide, such as CuCl, CuBr,
Cul, or CuCl,, is added to a mixture of alcohol, such

25 as methanol, and water and the diamine is slowly added.
After the addition of the diamine, air is sparged
through the mixture with vigorous stirring. The
catalyst is filtered. Additional catalyst can be
obtained by concentrating the filtrate and filtering

30 the desired catalyst. The catalyst can also be
prepared in situ by contacting the copper halide and
the diamine in the solvent for the coupling reaction.
Suitable solvents for the oxidative coupling of tri and

tetrasubstituted phenols are methylene chloride and

- 11 -



tetrasubstituted phenols are nethylene chloride and - 11 WD 03/045884
PCT/ US02/ 35781 aromatic sol vents such as xyl ene, benzene and tol uene.
Exanpl e owodiamisses i ncl ude, but are not limted to, thePCalusonssTgl

N, NN ,N -tetraethyl ethyl ene diamne, 5

N,NN,N -tetraethyl -1, 3-propanedi am ne, N, N, N N' t et raet hyl net hane

dlanlne N, N, N N'-tetranethyl-l 6- hexanedi am n

N N, N, N -t eBFEREEtR{I SPLyenteosacEd RSN en@vaﬁ@F?BPn@ﬁ@tﬁaﬁéenﬂ N,N,N -

tetramet hyl echuhgne dicamingiaed indidiazabieyake AOt(2:idi2kaoebane.
Preferrably, thediamne is NNNN,N - tetranethyl ethylene dianine. In the

third step otheh&oploweng,: tNeN3N3 N6-6etraethylethylene diamine,

tetraalky% 5 5' ﬁL kert %Ik §h§6?é|§ ggggg%a anp?%sucﬁakkﬁlaked by

contacting | ‘a strong as an al kyl - or

aryl sul f oni ctaclrdethwhfeluhaeleadudmmhosNhur Ne , meidetabuechym-chkori de, or
the like, optionally in the presence of a sol vent such as t ol uene,
chl or obenzen8e*arefdasiRgne N, Jr Nty Nénb et TRPEERRII Y- A t enperat ures bet ween

10 and 150C. p%gﬁgﬁédQéhQ%EhV@1%958E&89n8ﬁ@t99n83rN'ﬁdNOUh 'neat  (w thout a

solvent) or using one or nore a wde range of poorly oxidizable
sol vent s |nctadmaqetdydhtbydneehdnemlohIendbénzedeazabhugnép xyl enes,

Used as B d4AE S A PRE“BR daPEoLe- EBANYY nBroTRASTRPRY HsNeRt For M e
pr esent |nveabtgam@tgyugeﬁylan@rg@g&gnéor maki ng a conpound of the formula
|l HHH OO R 312R 4165 4.

In the third step of the process, the 3,3',6,6'-
tetraalkyl-5,5'-di-tert-alkyl-2,2’ -biphenol can be
dealkylated by contacting it with a strongly acidic

15 catalyst, such as an alkyl- or arylsulfonic acid,
sulfuric acid, phosphoric acid, aluminum chloride, or
the like, optionally in the presence of a solvent such
as toluene, chlorobenzene, nitromethane, or xylene,
typically at temperatures between 10 and 150°C.

20 The oxidative coupling can be carried out neat
(without a solvent) or using one or more of a wide
range of poorly oxidizable solvents including
dichloromethane, chlorobenzene, toluene, xylenes,
nitromethane, paraffins, etc. Static air, air-flow, or

25 oxygen can be used as oxidants in the oxidative
coupling.

The third aspect of the present invention provides

a process for making a compound of the formula I

30 I



R2 Rz X X301 - 12 WO 03/045884 PCT/US02/ 35781 wherein RL is C1 to Cl10
primary or secondary al kyl or <cycloalkyl, 5 R2 is ClL to Cl10 primary or
secondar ywaloswhssss cycl oal kyl, and X is H, conprising: PCajusoxssfatively
coupling a conmpound of the 10 formula IIl HO R Rz X 1Il wherein Xis
Cl, to produce a conmpound of the 15 fornula | wherein X is O, and (b)
dechl orinating the conpound of the fornmula | wherein Xis C to produce a
conpound of W%@rﬁépnula | wherein Xis H 20 In the first step of the

process, thegresyl&ing J, Spfiahky! of- cblonepbhenglikgan pe oxidatively
coupled to give the corresponding dineric chlorophenols (5,5 -

di chl or o- 3, 3cyglealkeiraal kyl - 2, 2' - bi phenol ). The preferred nethod for

oxi dati ve_. coypl i ng.of_t 25 chlorinated phenols_is by the use of an
S cart, Hotearia She Py EPTY Ohi e rRETY 2By FYable porar, aprotic

iron(ll1)” sa
sol vent suchcgs1dathklorogatihane or nitronethane, preferably nitronethane
at tenperature
X 1s H,
comprising:
(a) oxidatively coupling a compound of the

10 formula III

R'

RZ
X

ITIT
wherein X is Cl, to produce a compound of the
15 formula I wherein X is Cl, and
(b} dechlorinating the compound of the
formula I wherein X is Cl to produce a
compound of the formula I wherein X is
H.
20 In the first step of the process, the resulting
2,5-dialkyl-4-chlorophenol can be oxidatively coupled
to give the corresponding dimeric chlorophenols (5,5'-
dichloro-3,3’,6,6'-tetraalkyl-2,2’ -biphenol). The
preferred method for oxidative coupling of the
25 chlorinated phenols is by the use of an iron(III) salt,
preferably ferric chloride, in a suitable polar,
aprotic solvent such as dichloromethane or
nitromethane, preferably nitromethane at temperature

between 0°C and 60°C, preferably about 35°C. The



bet ween 0C and 60C, preferably about 35C. The - 13 WD 03/045884

PCT/ US02/ 35781 product is isolated by dilution with water and filtration.
In the seworid/osisep of the process, dechlorination 5 of PCT/US02/35781
5,5'-dichloro-3,3 ,6,6"'-tetraal kyl -2, 2' -bi phenols can be acconpli shed by
hydr ogenol ytic reduction to provide the required

3,3,6,6"-tetraal kyl -2,2'- biphenols. _The reduction is carried out in the
presence of RFPHG 1&a§SO&P§F€¥§BIQléﬁt6P€s§HF@SWTGeHéPﬁEbn 1 and 50

at nospheres andtewperature between 5 and 80C, and a formate salt, such as
sodium formate, and Raney(r) nickel or palladium catal yst such as

pal | adi um hydr oxi de &hecgelsomd Istep pélt@@i@wp©§ﬁ§ly§€CHl©rdQ@@iomhe

reaction is generally.canried._o a 15 rot | ven as, met hanol ,
contalnlﬁ% 1%% %0%4 é %qU|vaIé§ts of° a%e uc% % %F gnlne to
absorb the ke 0gedcekhpiiiceepr @@u@@@ﬂo@ehbaylt&@ctrle@mlcth@nt h,e first,

second and third aspects of the  present invention
3,3, 86, 6'-teEF&HPQ?IL@eSTeﬂPﬁaﬁg-32@ 2626 bFﬁﬁéﬁéﬂkH&y2b8 hal ogenat ed at

t he para pos 3, raal; b enaq| s shown bel ow, H
H6HbH O olbtélp%%f% Ehed gl icicdRul stad ey Iommggr SR s Gl to Qo

primary or secesgacs @Ek%wdapgzﬁ gﬁ@lo&kbﬁbxaﬁZylgthrE@sﬁiespr|nary or
secondary,_ al or ycI al_ kyl ; and. X on of Br to

3 e 6ot e PRk 58St BhaRGebEsh BB CEBRGEPEHER Bt VBSE: Pon of Br 2
ina sui tab'a(ﬁds@'OV@Dtana-y@l eatmsebveals, f olichr 981 88dian 8bLmate,

and Raney® nickel or palladium catalyst such as
palladium hydroxide on carbon. If a palladium catalyst
is used, the reaction is generally carried out in a
15 protic solvent such as methanol, containing 1.0 to 4.0
equivalents of an amine such as triethylamine to absorb
the hydrogen chloride produced in the reaction.
In the first, second and third aspects of the
present invention, a 3,3’,6,6’-tetraalkyl-5,5’-dihalo-
20 2,2’-biphenol may be halogenated at the para positions
of 3,3’,6,6"’-tetraalkyl-2,2’-biphenol, as shown below,

wherein R' is C; to Cjp primary or secondary alkyl or
25 cycloalkyl; R® is C; to Cyp primary or secondary alkyl
or cycloalkyl; and X is Cl, Br or I.

Addition of Br to 3,3’,6,6'-tetraalkyl-2,2"-
biphenols can be accomplished by reaction of Br; in a
suitable solvent. Typical solvents for bromination are

30 low polarity solvents such as chloroform,

dichloromethane, carbon tetrachloride, and carbon

- 14 -



30 low polarity solvents such as chloroform dichl oronet hane, carbon
tetrachl oride, and carbon - 14 WD 03/045884 PCT/US02/35781 disulfide. In
sonme casewp oaqusssus brom ne can be used. The preferred prPerdass2/3¥spne
carried out in a low polarity solvent. This reaction can be acconplished at
5 -10Cto 50C, preferably at roomtenpearature. The conpounds which are
produced by the processes of the present invention can be used as
reactants tod1FHREIARospABr SGEECGRESSNI AFUPPYSNBEOMARE 5P BSeb§P%%t o nake

catal ysts thahe pbReldiBeqapeodetbulisi BnRoLAr19Aydnecyanat hep and
hydr of ornmyl ati on"reactions. Bidentate phosphite ligands are particularly

useful . Bi deotlaretpheephiene -| | Fands reantbenprepabedagsodedéshbddain U. S.

Patent 5,235, 113.by c ctin sphqrachl oridites wth the biphenol
corrpoundsgrrad]e[% ESg%y ﬁc@ Erroegfeesés)areg;l}gfa%t HEPF SSRGS on. More recent

U. S. Patents 6, 03thé2@oapduade6@hieh, aracei-panatadbyhenei prbyeseter ence,
descri be sel ective synthesis of bidentate phosphite ligands in which a
phosphor ochl 8fi 8 €ePrESEREPAPEETLACE €41 PEnt§REsBRoFGSCEBTEFI ERI ori de and

a phenol such.gs ByeteAgkoRRdcbAe nlingahedahhs! BRaEaTE GaEE N YessEl
with an aromatic ol to give the bi dént ate phosphite Iigand. The
bi phenol s of mahe prE&sépttentbati onnatersubstet usedufloin bhehar omatic diol .

25 The c ounds which_are praduced th rocesses, .of the present
Foventi ohd LalERarorERPBe R antY RER T SAC 400, EREERAPESC o make |
phosphor ous- gaakatBtBgphbkgands thahnaceavsebuktioulBkeycakakysts that, in
turn, are useful in both hydrocyanation and 30 hydrofornyl ation reactions.

The conpounds nad8iB¢nEAESpPBEERSEScofl 1BRBAEr €3BnPS PKEBALFEN2Si n which X
i's H can begusedi{,@3MKey. 5. patent 5,235,113 by contacting

phosphorochloridites with the biphenol compounds made

15 by the processes of the present invention. More recent
U.S. Patents 6,031,120 and 6,069,267, incorporated
herein by reference, describe selective synthesis of
bidentate phosphite ligands in which a
phosphorochloridite is prepared in-situ from phosphorus

20 trichloride and a phenol such as o-cresol and then
treated in the same reaction vessel with an aromatic
diol to give the bidentate phosphite ligand. The
biphenols of the present invention are substituted for
the aromatic diol.

25 The compounds which are produced by the processes
of the present invention can be polymerized and then
used as reactants to make phosphorous-containing
ligands that are useful to make catalysts that, in
turn, are useful in both hydrocyanation and

30 hydroformylation reactions.

The compounds made by the processes of the present
invention, in which X is H, can be used to make

polymeric ligands by a process which comprises:

- 15 -



polyneric |ligands by a process which conprises: - 15 WD 03/045884

PCT/ US02/ 35781 (1) reacting the conpounds made by the processes of the
present iwoeabizss4 in which Xis H wth a conpound cont &cmiusg2/ai7si east
two benzyl chloride groups, in the 5 presence of a Lewis acid catal yst, and
(2) reacting the product of step (1) with at |east one

phosphorochl orodi te conpound in the presence of an organic base.

Preferably tHé)LeWedching EREarPEPONEds; Madec R0 GePEPCESFRENEM chl ori de,

and the orgapihe plRRAEjhTetlibhal kY aAike xThe GOMRQYRdS G%Q?oﬁ%dthe
processes of the present invention, in which Xis d, Br, or I, can be
used to nakeopskymemniocaki dends Ibywoabeneyédsshibiré Hecgmrpripsesin( the

protecti the OH groups by substitutin 5 Lower,,al kyl _protecting group
For H on ThePORSRrEuSE FolRERE ACHFofBeradSEonBBind2)(2f SFEaing t he
protected compeupdodulch af edepound eamhakni ngaat beast two boronic groups
in the presence of a Goup VIII 20 transition netal catalyst, (3) replacing
t he prot ect i R§OFPEQEOSH1IPKA P ESIGOMPOLRIMLEt Epe( PYeRRRReh®dr 88en, and (4)

reacting theoﬁ?%%g%tb%%e§te@r%%£rﬁkﬁ fhe LERSE QE§dPEQ%QP3%QCEEOVOdite

conmpound in t 5 presence of an ofganic base. Preferab the Goup VIII
transition netiakc ichlopadeadirumlumickel cbiocapper aaddthkeorgganicc base is a

trial kyl am ne _compound i n ich the alkyl group is a Cl1 to Cl2 branched or
straightﬁghaﬁﬁsil%flagF5&8$ﬁMgP@l§6'preferably the organic base is

triethyl amne. Tweneakbimpblabky maBROLYARhel BUsEELAE 6&! @hKt beeskaact i ons
usi ng phosphorus-containing |ligands are olefin hydrocyanation and
i someri zat i oANFENBESRechéd which X is Cl, Br, or I, can be used to

make polymeric ligands by a process which comprises:
(1) protecting the OH groups by substituting a
15 lower alkyl protecting group for H on the OH
groups to make a protected compound,
(2) treating the protected compound with a
compound containing at least two boronic
groups in the presence of a Group VIII
20 transition metal catalyst,

(3) replacing the protecting group of the product

from step (2) with hydrogen, and

(4) reacting the product of step (3) with at

least one phosphorochlorodite compound in the
25 presence of an organic base.

Preferably, the Group VIII transition metal is
palladium, nickel or copper and the organic base is a
trialkylamine compound in which the alkyl group is a C;
to Ci; branched or straight chain alkyl group. More

30 preferably the organic base is triethylamine.

Two particularly important industrial catalytic
reactions using phosphorus-containing ligands are
olefin hydrocyanation and isomerization of branched

nitriles to linear nitriles. See, for example,

- 16 -



nitriles to linear nitriles. See, for exanple, - 16 WD 03/045884

PCT/ US02/ 35781 U.S. Patents 5,512,695 and 5,512,696, and | nternational
Pat ent Apwbiosatissn W9514659. Phosphite |igands are part ipcalasod/gs7asef ul
for both reactions. The 5 hydrocyanati on of unactivated and acti vated
ethylenically unsaturated conpounds (olefins) using transition netal
conpl exes with nonodentate and bidentate phosphite ligands is well known.
Bi dentate pHRoSphPACEBtENd - pAdsFRENPTE Pir §aRd & &r e 208l BF egB2pAPRRI0 of a

catal yst syspameher Abbe ibudr gy #BathaBsaf %hB%F%@k%ahhﬁaH8§aéyéated
conpounds. Bidentate "phosphinite |igands are also useftdl as part of a

cat al yst syspemtfionlemnévhydedoyafieri brtof rerotrabine. viChgl conpounds. 15
Hydr of ornyl ati an i s_another i_ndustri.al usef.ul  process that utilizes

oot alyot o rmiv APes AR 4 HRop o SHaGhe 2kEry SPgarasvaSRE use of phosphi ne
| i gands, i nekugilegidiaphgsphkaesratsedkaewpoliadst Hbsepunppsasihge use of

catal ysts made from phosphite ligands is also 20 known. Such catal ysts
usual Iy cont &FANE1EL60p™OLRL CREPAPXSSe¥ifbr meraAgneate. &ndpat ent

5,235,113. T Leu isef wl: ound a bern t he
o csent procheea e G R ey kbR o tag ey
3, 3' -di - i soppbpypbhénétedamdnpibshdhit251lhpgphdesobreEXANPLESasThertol | owi ng

non-limting exanples.illustrate the 0 present invention. Al parts,
br opor {1 heoEnd BEFeuiPhgEYSaFE BTubhnlyCoRruaBabther Fse | ndl cat od. -
17 WD 03/ 042884 1BeTcHD0?/ 3ad8turExaapkempoBhasessaineacgeedance with the

first aspect of the
phosphinite ligands are also useful as part of a

catalyst system for the hydrocyanation of aromatic
vinyl compounds.

15 Hydroformylation is another industrially useful
process that utilizes catalysts made from phosphorus-
containing ligands. The use of phosphine ligands,
including diphosphines, is known for this purpose. The
use of catalysts made from phosphite ligands is also

20 known. Such catalysts usually contain a Group VIII
metal. See for example, U.S. Patent 5,235,113.

Two particularly useful compounds that can be made
by the present processes are 3,3’,6,6'-tetramethyl-
2,2’ -biphenol and 3,3’-di-isopropyl-6,6’-dimentyl-2,2'-

25 biphenol.

EXAMPLES
The following non-limiting examples illustrate the
30 present invention. All parts, proportions, and

percentages are by weight, unless otherwise indicated.
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invention for preparing 3,3 ,6,6" -tetranethyl-2,2'- 5 biphenol First step
of the process: Preparation of 4-Chloro-2,5- xylenol : To a solution of 100
g (0.82 mwb)o3oissd4 5- xyl enol and 0.9 g of di phenyl sulfidecirrusenss7el of 10
di chl or onet hane was added a solution of 106 g (0.79 nol) of sulfuryl
chloride in 100 nL of dichloronethane, maintaining the tenperature at 5-15
C. The mxture was stirred for an additional hour and then poured onto
400 g of ice-water containing 5 g ofX2BRLEhi sul fite. 15 The | ayers were

separated, and phecO&Hah CaPbGSBayles wi'as hete Wi s Wl §ecdrd £dHMSH), and

concentrated to aryness: The crude Solrds were strurrred Wt a I ni mum
anount of hexagayentiione fod, pxppardod] é@3dr: bed’'tbegiramethyl-g,294% of
product, _Jpom)geneous by Thin Layer 40, tography (TLC), GC, and ' H NWR
analysis.”"H NWR (CDC13) S 2.18 (s, -27 (s, 3H), 4.61 (s, 1H), 6.63
(s, 1H), 7.0Fitst bdepp bift (Bl pekskeek, PA@@tara&manerm-éﬁiarozﬁ,,5775): nmp
74-75C. 25 Second step of the process: Preparation of 5,5 -

di chl or o- 3, 3XY&eNRL. tiet ranet hyl - 2, 2' - bi phenol : To a nechanical |l y-stirred
m xture of 71.4 g4(0,458 hlor, Sqxyhenel ,and of

ni t r omet hane wasTgaDdde %Eq{gb{ioefggéﬁg (? é%h? rXouggf %I’I’gl %{}%%Pg%l de 30 in
porti ons overndbOut® 0o ddpbsnyilt Bud 6obengnt 0Aambt @fn t he t enperature

bel ow 35 C. The tur was stirred .for ddi ti | h and then 300
m of 1 WP TEERPEERARE Bt eo8Ra Bn el P APRCRCofag (Haded. fol | owed
by 300 niL of mBeyases sulliarfilxtulerwas 1n1&oowLOSEoé@Sﬁz&oEgméHﬁQﬁéSS?Bl
filtered, and the solids were washed with water and hexanes and dried in
vacuo to gi vBasnteigipg shedtempPeryhBr6r ginPclphae whbke separaied fromthe
filtrate,

was stirred for an additional hour and then poured onto

400 g of ice-water containing 5 g of sodium bisulfite.

15 The layers were separated, and the organic phase was
washed with water, dried (MgS0O,), and concentrated to
dryness. The crude solids were slurried with a minimum
amount of hexanes, filtered, and suction-dried to give
121 g (94%) of product, homogeneous by Thin Layer

20 Chromatography (TLC), GC, and 'H-NMR analysis. ‘H-NMR

(CDCl;) & 2.18 (s, 3H), 2.27 (s, 3H), 4.61 (s, 1H),

6.63 (s, 1H), 7.07 (s, 1H). Lit (Blackstock, Aust. J.

Chem. 1973, 26, 775): mp 74-75°C.

25 Second step of the process: Preparation of 5,5'-

dichloro-3,3’,6, 6'-tetramethyl-2,2’-biphenol

To a mechanically-stirred mixture of 71.4 g (0.458
mol) of 4-chloro-2,5-xylenol and 120 mL of nitromethane
was added 94 g (0.59 mol) of anhydrous ferric chloride

30 in portions over about 20 minutes with cooling to
maintain the temperature below 35 °C. The mixture was
stirred for an additional 3 hours and then 300 mL of
ice water containing 50 mL of concentrated HCl was

added, followed by 300 mL of hexanes. The mixture was
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5 washed with water, and concentrated; the residue was then slurried in
hexanes and filtered to give another 11 g of product. The total yield was
t hus 62 gw0338s5880f a tan solid (np 148-155 C). Additi onalPCpursoi/azati on to
renove traces of iron helps facilitate 10 the subsequent reductive
dechlorination. Purification could be acconplished by dissolving in ethyl
acetate, washing this S%Iu ion Wi th aqueous ethyl enedi am ne- tetraacetic
aci d di sodi u éégfe eDPRD fRe EBFAIS W FﬁyW@ﬁgﬁ aifi-hét ¥eF5acebfc acid),
drying (MySOhkxahascaneent-hiabi on aaduwashi ggv\en tsh.l@ez(s;ae%s t8aaktord of f-
white material wth mp 164C. I'H NVR (CDCL3) 'S 1.98 (s, 3H), 2.25 (s, 3H),
4.60 (s, 1H) The pxgpmiclphasthiwvag seppratethérpmotlssfipteparati on of

3,3 ,6, 6 - hyl - ' -bi,phe . A, _sanp o] Lifie
S5 L af ob or S3PBEKIGY Bardy TR MRk 0B BRI L ReP bR H 4 ol ) v
di ssol ved i nthef elluefrietthanohegantai andgfiltekedf towatee andtBBrnl of
triethylamne. This solution was addeg ;o 1.0 wei ght basis) of

I

. g (dry g
moi st 20% 25 1PdBORF2PECERESr | nefes tesRal Yie) dakashiBF8g&Raled8dE) 50 psig

for 2 hours g anmbhLentotigAP]R@L Hu8.- 1EBeo@y odughq; wasnhhpol ated by filtration
of catal yst, concentration, dissolution of the residue in EtOAc, washing

with water, andifdmesavtnatiomemover ymassst ofgivenlhedpg £30il94egeof
pr oduct, 0-113C.  1H NWVR 13 1.95 .(s,.3H), 2.25.(s,. 3H), 4.71
(o 11y | 207 a1 H BBReat gl LB L Gy PByibigpsdl) . Suigfacieh o
03/ 045884 PCEbUDA203548tomphe sseaobg andsbhiidgstapstai/it heetategoi ng
exanple also illustrate the_third aseect of the invention. 5 Exanple 2
washing this solution with aqueous ethylenediamine-
tetraacetic acid disodium salt (EDTA-2Na, EDTA =
ethylenediaminetetraacetic acid), drying (MgSQ,),
15 concentration and washing with hexanes to afford off-
white material with mp 164°C. 'H-NMR (CDCl;) & 1.98 (s,
3H), 2.25 (s, 3H), 4.60 (s, 1H), 7.25 (s, 1H).

Third step of the process: Preparation of 3,3’,6, 6’-

tetramethyl-2,2’-biphenol:

20 A sample of purified 5,5’-dichloro-3,37,6, 6'-
tetramethyl-2,2’-biphenol (15.0 g, 48.4 mmol) was
dissolved in 100 mL of ethanol containing 10 mL of
water and 20 mL of triethylamine. This solution was
added to 1.0 g (dry weight basis) of moist 20%

25 Pd(OH),/C (Pearlman’s catalyst) and hydrogenated at 50
psig for 2 hours at ambient temperature. The product
was isolated by filtration of catalyst, concentration,
dissolution of the residue in EtOAc, washing with

water, and concentration to dryness to give 11.0 g

30 (94%) of product, mp 110-113°C. 'H-NMR (CDCl;) & 1.95
(s, 3H), 2.25 (s, 3H), 4.71 (s, 1H), 6.81 (d, 1H, J =
7.5 Hz), 7.10 (d, 1H, J = 7.5 Hz).
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Process in accordance with the third aspect of the invention for preparing
3,3 -di-isopropyl-6,6'- dinethyl-2,2"-biphenol 10 First step of the
process: Woapasmsi on of 5,5 - dichloro-3,3" -diisopropyl - 6PCT/US02/35781

6' -di met hyl -2, 2' -bi phenol: A well-stirred mxture of 36.0 g (0.195 nol) of
chl orot hynol and 50 nL of nitromethane was cooled to 5 C and 40 g (0.25
nol ) of anhydrous ferric chloride was 15 added over 20 minutes. The

m xture was al | owEHEt BEGARF a8 BbFensterfpef atheef ARBIRENE an addi ti onal
hour. Ice- w&.%mﬁgoam Y‘@?u@gpggea“leaﬁh?PﬁeaS]?Qgtth? gAEXxture was
concentrated at Teduced pressure to renove 100 nL of the

ni t ronmet haneimaéetiareotrope. The 20 solids were filtered and

recrystalg i zed from aqueous isopropanol to give 23.3 g of a first crop and
3.9 g of “ a second crop of solids, np 98C. 1H NWR (CDC13) 8 1.24 (two d,
6H, J =7 Hz), 1.98 (s, 3H), 3.26 (Beahple 3H, J:7Hz) 4.63 (s, 1H) ,
7.30 (s, 1H). 25 Second step of the process: 3,3 -di-i sopropfil 6, 6" -
di net hyl - 2, 2' - Aysaess inrgecondance Widd m%&mrd/\ﬁ@ hS nilarly

to the third ste_;p_ QbnEX8APES, 1n£X58PING: B, 3dlgb|%8§r§§21 gi gsopropyl -6,
6' -di nethyl-2,2'= mstead—of X =3,3", 6,

6' -tetranet hyI 2,2"- bi phenoldlnrqtl'ﬁfg.@ze -BapgieRAqICDC13) 8 1.25 (d, 6H),
1.95 (s, SH)F‘328 . : d IH J = 7.5 Hz),
7.18 (d,} §r ‘ ‘ 94 PETPUSE2/ 35781 Exanple 3
Process in aagem@%ew@thdmgoﬁﬁéﬁpﬂ @sp@ctdgﬁetml 2, b nveppbheRof or
preparing 3,37,6,6 -tetranethyl -2, 2 - bl phenol First step of the process:
Preparation of 4-#&- wawrst;zrse&ymeﬁwre of 36.0 g (0.195 mol) of

chlorothymol and 50 mL of nitromethane was cooled to 5

°C and 40 g (0.25 mol) of anhydrous ferric chloride was

15 added over 20 minutes. The mixture was allowed to warm
to ambient temperature and held an additional hour.
Ice-water (300 mL) was added all at once, and the
mixture was concentrated at reduced pressure to remove
about 100 mL of the nitromethane-water azeotrope. The

20 solids were filtered and recrystallized from aqueous
isopropanol to give 23.3 g of a first crop and 3.9 g of
a second crop of solids, mp 98°C. 'H-NMR (CDCl;) & 1.24
(two 4, 6H, J = 7 Hz), 1.98 (s, 3H), 3.26 (septet, 1H,
J = 7 Hz), 4.63 (s, 1H), 7.30 (s, 1H).

25 Second step of the process: 3,3’'-di-isopropyl,6,6’-

dimethyl-2,2’ -biphenol:

This substituted biphencl was prepared similarly
to the third step of Example 1 except 5,5’'-dichloro-
3,3’ -diisopropyl-6, 6’'-dimethyl-2,2’-biphenol was used

30 instead of 5,5’'-dichloro-3,3’,6, 6’'-tetramethyl-2,2’-
biphenol, mp 89-92°C. 'H-NMR (CDCl;) & 1.25 (d, 6H),
1.95 (s, 3H), 3.28 (septet, 1H), 4.76 (s, 1H), 6.88 (d,
1H, J = 7.5 Hz), 7.18 (d, 1H, J = 7.5 Hz).
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Preparation of 4-t-Butyl-2,5-xylenol: 2,5-Xylenol 10 (90 g, 0.73 nol) was
nmelted at 80 C, 1 nL of concentrated sulfuric acid was added, and the

m xture wedshemsed at 90 C whil e i sobutyl ene gas was i ntPcadisomss781
subsurface over 4 hours. The reaction appeared to stall at about 80%
conversion. The 15 reaction mass was diluted with water and neutralized

w th NaHCO3, and sone starting xylenol was renoved by steamdistillation.
Since the steamdistillation did not conpletely renove the starting
material, the residue was di ssol vedgil exanes, separated from 20 the
aqueous phase, and cooled in an ice-EBtg'm ?E Ige preci pitated product was
filtered and w2shedswi tih ecgkdrdamcenws thotheveebdnd a4pertopf the
4-t-Butyl-2,5-xyl en lict. (Stevens Chem 1943, ,635,,Parc, Rev.
Inst. Fr.°pPet.  PYEBCiRBLYOX DFEPITAI (3 SEIARCS W 34r2(s  9H),
2.20 (s, 3H), 2.43 (s, 3H), 4.85 (s,bighéno®.53 (s, 1H), 7.08 (s, 1H
Second step of the process: Preparation o , 5" -Bis(t-

butyl)-3, 3", 8isstt etepnpfhiheoprocksasheREEParasignsalftirénb8Eyig 6 g (0. 104
nol) of 4-t-Butyl:,3Q.,2 5-xylenol in 20 nL of dichloromethane was added 0.6
g (3 nmol) e#—te%per—chlorohydroxide-TNEDA conplex (TMEDA =

t et ranet hyl et hyl epedpambnepn dliesdarBupyipResakyilanel :wag, stKyiledolinder

anbient air overnight. _Gas ghronato raghg (&) ,anal ysis ghomed only 25% -
21 WD 089 0458849PCPr U30BP35782S BEAVERSPENS so-t he R xRtre was dil uted

with dichl opgpethaprgcedr 5ad rGMISOALiaNdac0naBRYH, ahad the @hxpass. To the
crude residue was added 20 nLoof 5 cycl ohexane and 1.2 g (6 mmol) of the
above copper washhep&hidroxPle-TVHEDAl € at 2aPlystyleme gde vekture was stirred
under air at ;arbLant LEIRBLALKLEL BhetneRoays  RR%an¥gesl on . The
purpl e solution was concentrate

appeared to stall at about 80% conversion. The

15 reaction mass was diluted with water and neutralized
with NaHCO;, and some starting xylenol was removed by
steam-distillation. Since the steam-distillation did
not completely remove the starting material, the
residue was dissolved in hot hexanes, separated from

20 the aqueous phase, and cooled in an ice-bath. The
precipitated product was filtered and washed with cold
hexanes to give 64 g (49%) of 4-t-Butyl-2,5-xylenol ;
lit. (Stevens, Ind. Eng. Chem. 1943, 655; Parc, Rev.
Inst. Fr. Pet. 1960, 680) mp 70-72°C. *'H-NMR (CDCl;)

25 & 1.37, (s, 9H), 2.20 (s, 3H), 2.43 (s, 3H), 4.85 (s,
1H), 6.53 (s, 1H), 7.08 (s, 1H).

Second step of the process: Preparation of 5,5’-Bis(t-

butyl) -3,3’,6,6' -tetramethyl-2,2’-biphenol

To a solution of 18.6 g (0.104 mol) of 4-t-butyl-
30 2,5-xylenol in 20 mL of dichloromethane was added 0.6 g
(3 mmol) of copper chlorohydroxide-TMEDA complex (TMEDA
= tetramethylethylenediamine). The dark purple mixture
was stirred under ambient air overnight. Gas

chromatography (GC) analysis showed only 25%
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to dryness, and the residue was chromat ographed on 10 silica gel to give
10.2 g (55% of pure 5,5 -Bis(t- butyl)-3,3,6,6" -tetranethyl-2,2'-bi phenol
, np  103w005@45884H NVR (CDCL3) b 1.42, (s, 9H), 2.06 (s, @®HUSIA3ABI (s,
3H), 4.54 (s, 1H), 6.51 (s, 1H), 7.24 (s, 1H). Third step of the process:
Preparation of 3,3 ,6,6" 15 tetranethyl-2,2'-biphenol: To a 50 nL flask
were added 0.5 g of 5,5 -Bis(t- butyl)-3,3,6,6"-tetranethyl-2,2"-biphenol,
5 mL of xyl ERB¥CAAEOD, 0509 tHF Pirshen¥etl fohRESScHdtNThe  ni xture was

refl uxed fOrd?@ﬂ?ﬂbrgmggﬂﬁﬁﬁ,EB?i@EXt(M?QOZ)O IR Cooted: Apd-gater added. The

m xture was extracted w't exanes; The organic |ayer was washed with

wat er and ddrgdesser NWypSOhe Afude rembdifgwaReaddederd, mLhef resi due was

(oo aldl seg SLOMBRLY Bhal 81 heL RRCEXoRb By PhageBoppegocordance

5,5 -Di -t - bubyh oBoBydétoxidsopmeprl c&r8lydt nekhyl tRe2miktphenghsFirst step
of the process: Preparation of 4-t- 30 Butylthynol: To 30 g (0.20 nol) of
thynol , heat 8§iztregdoundegnddr At pBHeRtwASTREgEuTegfer EHxeentr¥fed

sul furic acigcsAl hhg t 0 sLaw, st Leamaf i e was
i ntroduced oéggfa %ﬁ?egg%%bgé. ?Rg PgégﬁeV&§03?O%§8§§9P8$?%%gg%égggl
reacti on stakbedrgheaboubnBO¥heomesidienyasochnomatddgtraphald ohar ge of

sul furic acid,was _added_and.the_  reactiop,was_nonitored, by G analysis
until 5 %%prﬁi'ﬁﬁ?e9§?7698§%¥80ﬁQessﬁoﬁggégaﬁéhPBgsdg'ghéﬁlggéétion was
wor ked up asphByExanphe , &, andttheametdg] -pesi dugpnasonecr gt al Ii zed from

hexanes to give 20 g of 4-t-butylthynmol, np 68-69C, lit (United States
Patent 4, 8803-175JC. 1 NMR 7(CDCILH BIVR. 4ZDCL18) bHIL, 25.¢6d, ($§H,38),

2.25 (s, 3H), 4.54 (s, 1H), 6.51 (s, 1H), 7.24 (s, 1H).

Third step of the process: Preparation of 3,3’,6,6’-

15 tetramethyl-2,2’-biphenol:

To a 50 mL flask were added 0.5 g of 5,5’ -Bis(t-
butyl)-3,3’,6,6'-tetramethyl-2,2’-biphenol, 5 mL of
xylenes and 0.05 g of p-toluenesulfonic acid. The
mixture was refluxed for about 2 hours. The mixture

20 was cooled and water added. The mixture was extracted
with hexanes; the organic layer was washed with water
and dried over MgSO,. After removing the solvent, the

residue was recrystallized from petroleum ether.

25 Examgle 4

Process in accordance with the second aspect of the

invention for preparing 5,5’-Di-t-butyl-3,3’-di-

isopropyl,6,6’-dimethyl-2,2’-biphenol

First step of the process: Preparation of 4-t-

30 Butylthymol:

To 30 g (0.20 mol) of thymol, heated at 60 °C
under nitrogen, was added 1 g of concentrated sulfuric
acid. After heating to 90 °C, a slow stream of

isobutylene was introduced over about 2 hours. The
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10 = 7 Hz), 1.38, (s, 9H), 2.44 (s, 3H), 3.15 (septet, 1H), 4.49 (s, 1H)
6.51 (s, 1H), 7.18 (s, 1H). Second step of the process: Preparation of

5, 5" - D - twolmatoy3ss8, 3' - di -i sopropyl, 6, 6' -di met hyl -2, 2' - bi plremalsod/3578p a
solution of 20 g (0.104 nol) of 4-t- butylthynol in 50 nL of

di chl oronet hane was added 1.0 g (5 nmol) of copper chl orohydroxi de- TMEDA
conplex and the dark E Ele m xture was allowed to stir under anbient air

for three day§2F5698cSheetsfonf. 2PREE2H0/ KPUVETFASdi FBt 88 with hexanes,
washed with QgﬁgegénaEE@ﬁa§8EUEEOBul@ﬁkﬁg QBQ§CH¥saQQdEQHSEHtEﬁEed to
dryness. The residue was chromat ographed on silica gel to give 3.6 g (34%
based on conveastonﬁ waSpmoalaned by GC-analysis until

105. 108 & 1RbRRR<CERLEy” 0188k pinvery OR. A (efigfPa s 2 septer, 11,

4.58 (s, 1H) rezcaQon( Gzaslhl))rk@@bubyla@t iAYJExample 1 and the crude
5 5 -di-t-butyl 3'-diisopro 6' - dinmethyl-2,2"-bi phenol 30 A 500-nL

p
resin kettleréﬁaﬁﬁﬁeﬂaﬁnFﬁcﬁﬁégahiééﬁd §TPRr BPXARES cbAJEAYEr 2Qag BFaced in
an oil bath gn th 15350.,96-a t g 1 ¥ P atdig | -
3,3 -dii sopr%pgl béggiggg"&é?hyﬁ“ﬂ’z,ég' _sgl%he:g? (Unitedd St e
PCT/ US02/ 35781 ggbydregar Rpn7solven! . 1}1831\11\@@8 apulqmes ogr aphydanehysis, the
m xture was 15.0% 5,5 -di-t-butyl-3,3" -
i sopr opy30 6, &' 7dHARt hyl-38, 2(Shi BHenoP - 41 Ssg pHb . t 8+ LBnéSBPEBRI c acid was
charged, and e ur hgated .0 C. A er ours, gas
chronatograp%h? ag;?55|§ gﬁomédgtﬁ§ n%xt%%g anéglngd ??b6@6fully
debutyl ated product, 3,3'-diisopropyl-6,6'- dlnethyl 2,2' -bi phenol; 2.7%
nono- debutyl ated p 5
butyl-3,3 -d

starting matguikgh-3,3” d1 1sopropyl 6, 6’ -dimethyl- 2 27 - blphenol

15 To a solution of 20 g (0.104 mol) of 4-t-
butylthymol in 50 mL of dichloromethane was added 1.0 g
(5 mmol) of copper chlorohydroxide-TMEDA complex and
the dark purple mixture was allowed to stir under
ambient air for three days (50% conversion). The

20 mixture was diluted with hexanes, washed with aqueous
EDTA solution, dried (MgSO,) and concentrated to
dryness. The residue was chromatographed on silica gel
to give 3.6 g (34% based on conversion) of pure dimer
5,5’-Di-t-butyl-3,3’-di-isopropyl,6,6’-dimethyl-2,2’-

25 biphenol, mp 105-108 °C. 'H-NMR (CDCl;) & 1.26 (d, 6H)
1.43, (s, 9H), 3.25 (septet, 1H), 4.58 (s, 1H), 7.30
(s, 1H).
Debutylating 5,5’ -di-t-butyl-3,3’-diisopropyl-6,6’-

dimethyl-2,2’-biphenol

30 A 500-mL resin kettle equipped with mechanical
stirrer and condenser was placed in an oil bath and
charged with 153 g of a mixture of 5,5’-di-t-butyl-
3,3’ -diisopropyl-6,6’-dimethyl-2,2’-biphenol in a
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Exanple 5 Brom nation of 2,2'-dihydroxy-3,3"-diisopropyl-5,5- 15

di net hyl bi phenyl Under an at nosphere of nitrogen, Br2 (3.36 nL, 0.0652
nol ) in GMDOYA438™ nl) was added dropwise to a CH2Cl2 (20@cwiisoxsd7st i on of
2,2' -di hydroxy-3, 3" - diisopropyl-5,5"-dinethyl bi phenyl (6.488 g, 0.0217 20
nol). The resulting m xture was stirred at room tenperature overnight.
After the reaction was conplete, the m xture was washed with 10% NaHSC3 (3
x 50nL) fol | &¥EFopRTBPPnECLYeRt50 BY) 98Fd COrPEa tegErPhvy8D21YFRE  sol vent
was removed %@%&%9%%9 gkl gads 2980 erangei10hl 5. wiich was purified by
col um chromat ography (silica gel, 10% Et OAc/ hexane). Yield of |ight-brown
solid was 3. 950gprEohed) 6., 61HANMREh@EDR) 2 -bipbénfd,. 6H).5 4. 89 (s, 3H), 3.17
(m 1H) 4,30 r s, 7.52 (s, _1H) .30 - 24 WD 03/045884 PCT/ US02/ 35781
WHAT 1S QA r%%gule§.esfﬁ)ﬂhph¢o€€§§s” 8P FERFAGa 8Bins ﬁdméf‘%%lﬁé F8Pmula I HH
\'\' OO0 R ntR2eh 2o31Bio°t6 ®REtSr K X hohes i §aRlchBohdtbgridigy pri mary or
secondary al kyl or cycloalkyl, 10 R2 is Cl1 to ClO primary or secondary,

al kyl or cyeéhedlyrys, shayer theHmigturgr copfagned 11.6% fully

debutylated product, 3,3’-diisopropyl-6,6’'-dimethyl-
2,2’ -biphenol; 2.7% mono-debutylated product, 5,-t-
10 butyl-3,3’-diisopropyl-6,6’'-dimethyl-2,2’-biphenol; and

0.3% unreacted starting material.

Example 5

Bromination of 2,2’-dihydroxy-3,3’-diisopropyl-5,5’-

15 dimethylbiphenyl

Under an atmosphere of nitrogen, Br,; (3.36 mL,

0.0652 mol) in CH,Cl, (5 mL) was added dropwise to a
CH,Cl, (200 mL) solution of 2,2’'-dihydroxy-3,3’-
diisopropyl-5,5’-dimethylbiphenyl (6.488 g, 0.0217

20 mol). The resulting mixture was stirred at room
temperature overnight. After the reaction was
complete, the mixture was washed with 10% NaHSO;
(3 x 50mL) followed by brine (2 x 50 mL) and dried over
MgSO,. The solvent was removed under vacuum to afford

25 an orange oil, which was purified by column
chromatography (silica gel, 10% EtOAc/hexane). Yield
of light-brown solid was 3.95 g (40%). 'H NMR (CgDg) :
1.07 (d, 6H), 1.89 (s, 3H), 3.17 (m, 1H) 4.30 (br s,
1H), 7.52 (s, 1lH).

30
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conprising: (1) when Xis Cd 15 (a) chlorinating a conpound of the fornula

Il H O RL1Z6 34~ R |l at the 4-position thereof to produce a 20
conpound wb oBhesgormula 11l HO R Rz x Il  wherein X PeT@sSP2/35786 WO
03/ 045884 PCT/ US02/ 35781 (b) oxidatively coupling the conpound of the
formula I'll wherein Xis C to produce a conpound of the fornula | wherein
Xis 5d; (2) when Xis H(a) chlorinating a conpound of the fornmula 11
at the 4-position thereof to produce a conmpound of the forrmula Il wherein
X 10 is d, wiir @ dairmeby tgeupl i ng the conpound of the formula |11
wherein X is produce a conpound of the formula | wherein Xis d,
and 1. A process for making a compound of the formula I
H\o H\
o
R R
L T
5 X X
I

wherein
R' is C; to Cip primary or secondary alkyl or
cycloalkyl,
10 R? is C; to Cyo primary or secondary, alkyl or
cycloalkyl, and
X is H, Cl, Br, or I,
comprising:
(1) when X is C1

15 (a) chlorinating a compound of the formula

at the 4-position thereof to produce a

20 compound of the formula III

H

\

o)

Rl

X

ITI

wherein X is C1,

- 25 -



15 (c) dechlorinating the conpound of the forrmula | wherein Xis C
conpound of the formula | wherein Xis H and (3) when X is Br

produce a

or | 20 (wpoclhkssss nati ng a conpound of the formula |1 at PCraISe2/pRI8iti on

t hereof to produce

produce a

conpound of the formula | _wherein Xis d, (c) dechlorinating

t he conpound of the

for Hat the 5 and 5

a conmpound of the fornmula Il wherein X is d,
oxi datively coupling the conpound of the 25 forrmula Il wherein X i

to

(b)
s d

to

~ féPhul @xidqhéreln KorBlEndt bhpr 6ameetad 86 EBfpound of
the formula | wherein X is ¢b-nand ¢4y sHOSLiLULi ng Bf ggp%§?agégegtlvely,

conpound of the formula I
e chlorinating

wherein t
formul a

with chlorine o

positions of the 26 WD 03/04588

us02/ 35781

whemponnX 0§ the So2muThelpwbeessnoX haim 1

S

wherein the chlorijpati §genlR® $kep is carried out in the presence of
catal yst selected fromthe group consisting of alum num

| east one

chl oride and diaryl sull)dechhorinatppgcassosporndi af 3thhefernutae diaryl

%fp is carried out by reacting the conmpound of
Sul furyl chloride. 3. The process of claim?2

at

sulfide is diphenyl sulfide; ;g_ggeTQgpggggggﬁ ggegéﬁkntgn%gﬁﬁg&g t he

oxi dati ve

10

15

20

25

30

coupling step is carrie

(3)

(b)

when

(c)

out~ by exposing the co
a compound of the formula III wherein X

is C1,

oxidatively coupling the compound of the
formula III wherein X is Cl to produce a
compound of the formula I wherein X is
Cl, and

dechlorinating the compound of the
formula I wherein X is Cl to produce a
compound of the formula I wherein X is
H; and

X is Br or I

chlorinating a compound of the formula
IT at the 4-position thereof to produce
a compound of the formula III wherein X
is C1,

oxidatively coupling the compound of the
formula III wherein X is Cl to produce a
compound of the formula I wherein X is
Ccl,

dechlorinating the compound of the
formula I wherein X is Cl to produce a
compound of the formula I wherein X is
H, and

substituting Br or I, respectively, for

H at the 5 and 5’ positions of the
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of formula Ill to an iron (I1l) salt in a polar, aprotic solvent. 20 6.
The process of claim5 wherein the iron (Il11) salt is ferric chloride. 7.
The procewe 00/0488ai m 1 wherein the dechlorinating 25 stepcCrasoasi’sed out
by contacting the conpuond of forrmula | wherein Xis C wth hydrogen, a
formate salt and a nickel or palladiumcontaining catalyst. 8. A process
for maki ng a conpound of the fornula IVE(H \'\. OO0 R *11 ' ,? R 6" 5
4. R30 x x - 27 WD 03/ G95884TBCPFUBHS/ 387812 ¥ WheFEiR XRiSis C1 to
Cl0 primary or secondary allyl or 5 cycloalkyl, R4 is Cl to ClO primary or
secondary al kyl or cycloalkyl, and Xis H d, Br, or I conprising: 10
(1) when Xis H (a) alkylating a conmpound of the formrulaV HO Rl I16",R
Vat the é-p9§|t|%ﬁetE%E%%Est8fp59g¥%elawherein the chlorinating

step is carried out by reacting the compound of formula

IT with chlorine or sulfuryl chloride.

3. The process of claim 2 wherein the chlorinating

10 step is carried out in the presence of at least one
catalyst selected from the group consisting of aluminum
chloride and diaryl sulfide.
4. The process of claim 3 wherein the diaryl sulfide

is diphenyl sulfide.

15
5. The process of Claim 1 wherein the oxidative
coupling step is carried out by exposing the compound
of formula III to an iron (III) salt in a polar,
aprotic solvent.

20

6. The process of claim 5 wherein the iron (III) salt

is ferric chloride.

7. The process of Claim 1 wherein the dechlorinating
25 step is carried out by contacting the compuond of |
formula I wherein X is Cl with hydrogen, a formate salt

and a nickel or palladium-containing catalyst.

8. A process for making a compound of the formula IV
H H
\ \
0] [¢}
R" I R!
Rd Rd @
30 X X



15 conpound of the formula VI HO R Re R3 VI wherein R3is C4 to C20
tertiary al kyl, 20 (b) oxidatively coupling the conpound of the fornula Vi
t o producwoa3maesspound of the forrmula VII HH \ \ 0 O RCTRK0®3Z%1 14 5
6, 55 4 RR 33 VII - 28 WD 03/045884 PCT/US02/35781 (c) deal kyl ating
a conmpound of the fornmula VII to produce a conpound of the fornmula 1V
wherein Xis H and 5 (2) when Xis C, Br, or I (a) alkylating a conpound
of the fornula V at the 4-positf¥n thereof to produce a conpound of the
formula VI, (hL,@xidatively coupling the conpound of the 10 formula VI to
produce a conpound of the forrmula VII, (c) deal kylating a conpound of the
formula VI Rtoipréduce Q@oconpoamyd of sdeoddarmlalkyV evherein X is H and

5 cycloalkyl,
R* is C; to Cio primary or secondary alkyl or
cycloalkyl, and
X is H, Cl, Br, or I
comprising:
10 (1) when X is H
(a) alkylating a compound of the formula V

at the 4-position thereof to produce a

15 compound of the formula VI

H

\

[o]

R|

RC!
VI

wherein R?® is C, to Cay tertiary alkyl,

20 (b) oxidatively coupling the compound of the
formula VI to produce a compound of the

formula VII

H H
\ \
[o) [o]
R! I R’
R* R* E
R® R®
VII
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15 (d) substituting d, Br, or I, respectively, for Hat the 5 and 5
positions of the conpound of the fornula IV wherein Xis H 20 9. The
process oWo@auissB wherein the alkylating step is carriedacautsobysseacti ng
t he conpound of the formula V with a tert-alkyl halide in the presence of
a Lewis Acid catalyst. 25 10. The process of claim9 wherein the Lew s
Acid catalyst is zinc chloride or alum numchloride. 11. The process of
claim 8 wherein the al Kfati A§adkepatiiadcar FPEBOYDE BY FtB&cEPAfULRe conpound

of the formula 30 V with ay22+di al-kyl,ethyl epgpobinknesPLesereengiisan acid
catalyst. 12. The process of claim8 wherein the oxidative coupling step

is carried out by exposing ffNewbempoond is H9 aw®d 03/ 045884 PCT/ US02/ 35781
of the fornmula Vi 59 oxygen and g cogger diamne catalyst. 5 13. The
process of clai m82hhel8FR fhdSd&arkyFat Phg’) step is carried out by
contacting the conpounda¢f theylterinyl a ¥bhpwuhB afsthengoasudasel ected
fromthe group consisting of al kylsulforic acid, arylsulforic acid,

sul furic acid, phosphoric adtdthg&nd-BPgitaom ERPERPPdeto PGOBUCETRe process

of claim 13 wherein the stropg ?ﬁhﬁ b$ t%@'?SFﬁQlBVQQ‘the group consi sting
surtoni id, su Ci

of al kyl sulfonic acid, aryl oni c aci urirc acid, phosphoric acid,
and al um num chl ori de. (b% 16xidapriveégscboplimii hpeacoopponddodf thhe
formla JOH H 11 00 formula VI to produce a compound of the
formula VII,
(c) dealkylating a compound of the formula
VII to produce a compound of the formula
IV wherein X is H, and
15 (d) substituting Cl, Br, or I, respectively,
for H at the 5 and 5’ positions of the

compound of the formula IV wherein X is

H.

20 9. The process of Claim 8 wherein the alkylating step
is carried out by reacting the compound of the formula
V with a tert-alkyl halide in the presence of a Lewis

Acid catalyst.

25 10. The process of claim 9 wherein the Lewis Acid

catalyst is zinc chloride or aluminum chloride.

11. The process of claim 8 wherein the alkyating step
is carried out by reacting the compound of the formula
30 V with a 2,2-dialkylethylene in the presence of an acid

catalyst.

12. The process of claim 8 wherein the oxidative

coupling step is carried out by exposing the compound
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R *RR 2R 5 4 Ib Rz XX | wherein 20 Rl is C1 to C10 primary or
secondary al kyl or cycloalkyl, R2is Cl to Cl10 primary or secondary al kyl
or cycl oabloglo4sssnd X is H 25 conprising: (a) oxidativel pCcraispt/z3tgl a
conpound of the formula Ill - 30 WD 03/045884 PCT/US02/35781 HO R R2
X 11l wherein Xis O, to produce a conpound of the fornula | 5 wherein X
is d, and (b) dechl orinatin(% t he conpound of the formula | wherein X is
d to produc8fatheoffslHd2oV 1t he PEYHGMa2PdwReFEPREX fdaMEPe10 16. The
process of Chgignjatwherein the oxidative cooupling step is carried out by
exposi ng the conpound of formula Il to an iron (I1l) salt in a polar,
aprotic solvent. 15 17. The process of Caim 16 wherein the iron (I11)

5 13. The process of claim 8 wherein the dealkylating/j
step i1s carried out by contacting the compound of the
formula VII with a strong acid selected from the group
consisting of alkylsulforic acid, arylsulforic acid,

sulfuric acid, phosphoric acid, and aluminum chloride.

10
14. The process of claim 13 wherein the strong acid is
selected from the group consisting of alkylsulfonic
acid, arylsulfonic acid, sulfuric acid, phosphoric
acid, and aluminum chloride.

15

15. A process for making a compound of the formula I

\, \
R’ R'
L
X X
I

wherein
20 R' is C; to Cip primary or secondary alkyl or
cycloalkyl,
R® is C; to Cip primary or secondary alkyl or
cycloalkyl, and
X is H,
25 comprising:
(a) oxidatively coupling a compound of the

formula III
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salt is ferric chloride. 18. The process of O aim 15 wherein the
dechlorinating 20 step is carried out by contacting the conpuond of
formul a Iwolmlmoeisa4 X is C with hydrogen, a formate salt a@cd/@ondsTRkel or
pal | adi um contai ning catal yst. 19. A conpound sel ected fromthe group
consitingof 25 3,3 ,6,6"'-tetramethyl-2,2'-biphenol and 3, 3" -di-
i sopropyl -6, 6'-di nentyl -2, 2'-biphenol. - 31

: \

(o]

R

rR2
X

ITT
wherein X is Cl, to produce a compound of the formula I
5 wherein X is Cl, and
(b) dechlorinating the compound of the
formula I wherein X is Cl to produce a

compound of the formula I wherein X is

H.
10
16. The process of Claim 15 wherein the oxidative
cooupling step is carried out by exposing the compound
of formula III to an iron (III) salt in a polar,
aprotic solvent.
15

17. The process of Claim 16 wherein the iron (III)

salt is ferric chloride.

18. The process of Claim 15 wherein the dechlorinating
20 step is carried out by contacting the compuond of
formula I wherein X is Cl with hydrogen, a formate salt

and a nickel or palladium-containing catalyst.

19. A compound selected from the group consitingof
25 3,3’,6,6'-tetramethyl-2,2’-biphenol and 3,3’-di-
isopropyl-6,6’-dimentyl-2,2’-biphenol.



