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3,3,5,5',6,6' - HEXAALKYL- 2, 2' - BI PHENOLS,

3, 3", 4, 4WOH3PISYEXAAL KYL- 2, 2' - Bl PHENOLS. AND PCT/U502/37306

3,3 ,4,4",5,5,6, 6" - OCTAALKYL- 2, 2' - Bl PHENOLS FI ELD OF THE | NVENTI ON 10 Thi s
I nvention relates to a process for preparing
3,3,4,4",5,5,6,6"-octaal kyl -2, 2" -piphenol s,.

3,3 ,4,4",5,5 -hexaal kyl -2, 2' - biphenU-S'and

3,3 ,5,5 y pheqol 5. 515 BACK HE,| NVENTI ON

Subst t ut ednggﬂgﬁ ?§§ § ﬁ"%@b 3 E g@gﬁ kYA :‘g“ % g’mm

3,3 ,4,4, bal Eg 242 ngﬁenH 24 2~ BIPHENOLS

55 6 6'-octaaPk (% Bi Bhefio TAALKYL-2', 2" BiPHENOLS

3,3 ,5/5,6,6"- hexaalkyl 2,2' -biphenols; 3,3,55-. 20 '

tetraalkyl-2,2'-bipheno|; 3 '

oct ahydr o- 2, 2' - bi napht hol ; a{’i%{'ﬁ ilfy?& 6IN\7EI~;I':§OI§

5,5'106, 6", 7, 7T18i8' 1m@éﬂhydn0ré12teblnaphtbﬁbceld BoB' préparing

tetral kyl -5,5' -di hal 0=2, 2' - g en? ﬁre congounds &hat'can be used to nake

phosphor #is3 bebedl c%t%iy@tsllﬁ hadlksieh 25-PEBARBS Pncl ude phosphi nes,

phosphingtgs, 4 F@osgh@nlﬁgﬁaal ?g @hgspﬁibgénomgngﬁghosphorous) | i gands are

conpounds’ that contain a si ngl e phosphorus at om whi ch serves as a donor

to a trahsdtionshetab’ -hekkielbys(phdsphopherolbi gands, in general, contain

two phosphorus donor atons 30 and typically formcyclic chelate structures

with transition netals. In general, biphenols can be nade by the oxidative
15 BACKGROUND OF THE INVENTION :

Substituted biphenols such as 3,3',6,6'-tetraalkyl-
2,2’ -biphenol; 3,3',4,4,5,5' -hexaalkyl-2,2’ -biphenols;
3,3',4,4), 5,5',6,6' -octaalkyl-2,2’'-biphenols;
3,3’,5,5',6;6’—hexaalky1—2,2?—biphenols; 3,3’,5,5*-
20 tetraalkyl—2,2';biphenol; 3—alky1-5,5',6,67,7,7’8,8’F
- octahydro-2,2’ -binaphthol; 3,3’-dialkyl-
5,5',6,6',7,7'8,8"'-octahydro-2,2’-binaphthol and 3,3'6,6"'-
tetralkyl-5,5’-dihalo-2,2’-biphenol are compounds that can
be used to make phosphorus-based catélyst ligands. Such
25 1ligands include phdsphines, phosphinites,_phosphonitesﬁ
and phosphites. Mono(phosphorous) ligands are compOunds-
that contain a single phosphorus atom which sefves'as.a
dohor to a transition metal, while bis(phosphorus)
ligands, in general, contain two phosphorus donor atoms
30 and typically form cyclic chelate structures with
transition metals. ' _ -
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
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03/ 045883 PCT/ US02/ 37306 Phenol s can be oxidatively coupled to nake the
pondi ng bi phenols by the use of a.variety of oxidizing. agents, such
as nitric agubndi&f lddh WH Wt deat DvdD) aSShpTeAeEs i fYREI €8 chrom c acid,

chl oro-5, 6- di cyanobenzoqui none and di-t-butyl peroxide. 2,2'-

Di hydr ssoe@Es@ndiing suiplgndl$, oy -thereusy | of phevigrieon & prepared from

- B | -ph | -. .dich -5, 6-dj : '
D SOy g e o el e by R Pge RKEPSAE T 00

- Per &i n pobaasisiun [ferdficyafifh , Stwomic taeidxi 2amnt §ientbps-806- cat al yst's
e the use of relatively_ expensive and/or explosive (peroxides)

oy apaRenzasss nane dithtSyds-bytorl | Reexsdal e 2ofmercial use. 15
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tiro catalys
prepared from 2-isopropyl-5-methyl-phenol with 2,3-

dichloro-5,6-dicyanobenzoquinone or di-t-butyl peroxide.

See Tetrahedron, 1875, 1971 and J. Chem. Soc., Perkin
Trans. iI, 587, 1983. Some of the oxidants and/or co-
catalysts involve the use of relatively expensive and/or -
explosive (péroxides) compbunds, which pose disadvantages
for large scale commercial use.

Phenols can also be oxidatively coupled using a
COmbinétion of a transition métal catalyst and an
oxidizing agent such as persulfate_anion or oxygen. See
U.S. Patents 6,077,979, 4,139,544, 4,132,722, 4,354,048,
and 4,108,908, J. Org. Chen. 1984; 49, 4456 and J. Org.
Chem. 1983; 48, 4948, The.cited patents disclose the'use
of oxygen as an oxidiziﬁg agent with various catalytic |
copper complexes such as copper chromite; copper acetate

with sodium mercaptoacetate, copper acetate with

ﬂpentasodium/diethylenetriaminepentacetate; and copper

25

30

acetate with 1,3~-diamino-2-hydroxypropane-tetracetic acid.
The exampleslin_the patents disclqse the use of 2,6- |
disubstituted phenol or 2,4-di-tert-butylphenol.

The qée of copper amine catalysts, with oxygen as an
oxidizing agent, has been described in conﬁection 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. |
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oxi di zi ng agent such as persul fate.ani on or oxygen. See o M0 s

6, 077, 97Q0o 6h/ds33544, 4,132,722, 4,354,048, and 4, 108, 908:1/ds02378h6 Chem
1984, 49, 4456 and J. Og. 20 Chem 1983, 48, 4948. The cited patents

-di scl ose the use of oxygen as an oxidizing agent with various catal ytic
copper conpl exes such as copper chromte, copper acetate wth sodium
mer capt oacet alfkereopjgern aovtaneingt heed in the art for methods for

pent asodi um.di et h etri nlne ntac t, d.c 25 acetate with

1, 3- di anf"f 1?9h98¥bx96F8B XlF Fagggﬁg EBFﬁg 5 8?&ﬁp58§%aﬁthe pat ent s
di sci ose rbhe d%k8 ngf pRoBphdisybsbhketiedaphenak 2hgdndsdi -tert-butyl phenol .
The use of copper "ami ne catalysts, with oxygen as an oxidizing agent, has
been escribed in connection with the 30 oxidative coupling of
2,4-di-tert-butyl phenol , A of tr nol , .

-~ 2-chlor-4-tert- butylpheno = See J. Org. Chem 1984
49, 44561and Ilr@tgaspéhenltﬁ@SﬁreéSnt49ﬁ8enﬁiohhﬂeha2@®6ceﬂ@ @3+045883
PCT/ US02/ 37306 5 - There is a_co U|n need in the art for nethods for

- maki ng mﬁﬁﬁl&ﬂcénFoﬁPePﬂé QEbES EPEH BPphenol s suitable for making
phosphor ouse: based sajal yst -Li gands. OH HO, SUMVARY OF THE INVENTION In a
first aspecty_thg esent A nvention is a process for making a conmpound of

RZ

- R R?

10 compr;s;ng:

oxidatively coupling a compound of the_formula

- in the presence of a molecular oxygen-containing gas and a
copper contalnlng catalyst said copper- containing
catalyst produced by a process comprlslng contactlng a

15 copper halide salt with an organic dlam;ne compound,

-wherein : ' ' |

Rl is Cl to Cé primary, éecondary or. cyclo alkyl;
R2 is H, C1 to Cé6 priméry, secondary, tertiary or-
cyclo alkyl; | o S
20 R3 is Cl1 to CGIprimary, secondary, tertiéry or cyclo
alkyl; : .._ S | o - . |
R4 is H, Cl to C6é primary, Secondary'or cyclo alkjl,
_provided that  R2 and R4 are not both H. |

25 * In a second aspect, the'présént”invéntion is . a compound of

- the formula



conprising: oxidatively coupling a conpound of the fornuPbNEﬁm20%§ in the
pr esencwoaf3easgg®l ecul ar oxygen-contai ning gas and a CcopperserEraichi Ny
catal yst, said copper-containing catalyst produced by a process conprising
-cont-acting a .15 copper halide salt with an organic di am ne conpound,
“wherein Rl is Cl to C6 prinary, secondary or cyclo alkyl; R2is H Clto
Co6 prlnary t-?tlary or cyclo alkyl; 20 R3is ClL to C6
primary, s ry or cyclo alkyl; R4 is H ClL. to C6 primary,

secondag pr ovi ded that R2 and R4 are not both H 25 In a
second asp‘ invention is.a compound of the fornula - 3 31
March 2006- X RCT/ US02/ 37306 wherein: 5 Rl is nethyl, ethyl,

n-propyl, ®r isopropsl; R is Hor methyl; R3 is nethyl, ethyl, n-propyl,
i sopropyl, or t-butyl; and R4 is methyl; provided that if Rl is isopropyl
and R2 is hydrogen, R3 is 10 other than nethyl Preferred conpounds are
t hose dgserépgd above wherein

5 R is methyl, ethyl, n-propyl, or isopropyl;
' R’ is H or methyl; .
R’ is methyl, ethyl, n-propyl, isoproPYl, or t-butyl; and
R* is methyl; | '
| provided that if R is 1sopropyl and R? is hydrogen, R?® is
'10 other than methyl.

Preferred'compounds are those described above wherein
R' is methyl or isopropyl; '
'R? is H or methyl;
15 R.3 is methyl, isopropyl, or t-butyl; and
R* is methyl. | |

Most preferredlare compeunds of the immediately preéeeding_
.paragraph_whe?einl | |
20 R is isopfole;
. R? is H; ‘ |
R? is isopropyl; aﬁd

R* is methyl.

25 DETAILED DESCRIPTION OF THE. INVENTION

The present invention prov1des a process for
preparlng 3,3 +5,5',6,6' hexaalkyl -2,2'- blphenol
| 3,3',4,4',5,5' hexaelkyl 2,2’ -biphenol, ox
_ 3,3',4,4',5,5',6, 6’-ocatalkyl -2,2' ~b1phenol by ox1dat1vely
._30 coupllng 2 4,5- trlalkylphenol 2, 3 4 - trlalkylphenol ,or



Rl is nethyl or isopropyl; R2 is Hor nethyl; 15 R3 is ne?hypfmﬁgg%ropyl,
or t-but'yl; and R4 is nethyl Most preferred are conpounds. of the

i mredi at WIOO3@#E8%edi ng . paragraph wherein 20. RL i s i sopr®pyPS02/3@06 js H;
‘R3 is isopropyl; and R4 is nethyl. 25 DETAI LED DESCRI PTI ON COF THE

| NVENTI ON  The present i nvention provides a process for preparing

3,3, 5 5' ‘z.h bi . .

334 45 8 SHEEEERR M ageigl ) BUE0Lesvely, with & copper

3,3 4 4am5n5 caﬁaﬁysﬂcahdlkxyg@nZasbbph&mﬂhnbyagkhdatEmétybleBO coupl i ng
2, 4, 5- trlalk | phenol , 2, 3; 4- tr| hepol,.or - 4 31 March 2006 WO
03/04588@h?%9?§E®9?3?%B§e§e@tﬂd YngﬁaF?ymﬁﬁénol respectively, with a
copper amine catalyst and oxygen as ®xidizing agent. Suitable phenols are
represented by the formula OH 5 whereln Rl is. Cl to.C6 primary, secondary
or cyclo alkyl; R2is H Cl to®6&6 ARy, secondary, tertiary or 10
cyclo alkyl; R3is ClL to C6 primary ondary, tertiary or cyclo

wherein R' is C; to C¢ primary, secondary or cyclo
Calkyl; |

R® is H, C; to C¢ primary, secondary, tertiary or

10 cyclo alkyl; |

R? is C; to Ce primary, secondary, tertiary or cyclo
alkyl; | |

R? is H, Cy to Cs primary, sécondary or cyclo alkyl;
provided that R? and R? are not both H.

15 The alkyl groups can be linked together or unlinked.
For example, alkyl groups; Rl.and R2 , can be connected to
form fused cyclic alkyl groups. Similarly, alle groups
R? and R®, or R® and R! can be connected to form fused
cyclic alkyl groups. Some representative 2,4,5-

20 trialkylphenols, 2,3,4- trlalkylphenols and 2,3,4,5-
tetraalkylphenols, are those shown in the follow1ng

formulas.



alkyl; R4 is H Cl to C6 primary, secondary or cyclo aIkyP}Nh5W6@P%ed t hat
R2 and _ppt both H 15 The al kyl groups can be 'iW§?P er or
unIink@?éd%égﬁggxanple, al kyl groups, Rl. and R2 , can be dgﬁﬁggkgd to
-formfused cyclic al kyl groups. Simlarly, alkyl groups R2 and R3, or R3
and R4 can be connected to formfused cyclic al kyl groups. Sone
representatiMe 2,4,5 204t rial kyl phepol s, 2, 3, 4¢trial kyl phenol's and 2, 3, 4, 5-
t et raal kyl phertdl s, are tHdse sho im the foljl owWwng formulas. 31 March
2006 WO 03/042883 PCT/ 373 rch 2006 _WQ 03/ 045883 PCT/ US02/ 37306
D neri zation 2,4,5-1 kyl phen 2,3, 4- | kyl phenol s,
2,3,4,5-tetray oxi dative coupling .

| eads to the or respondijng bi phenolis,. The oxi dative coupling can be
carried out neat (withouat & solvent) or with oné or nore of a w de range
of poorly oxidizable solvents including dichloronethane, chlorobenzene,

t ol uene, xyhenes, 10- nitronethane, paraffins, etc. A nolecul ar oxygen-
cont ai ni ng gas is'used*%§ t he oxidéqs. For exarpl e, static air, flow ng
air, or ox can be_usé¢d in the oxidati coufyl ing. The reaction is

R



- di chl oronet hane, toluene, chlorobenzene, or saturated hya}B@H$@8W§
preferably one having a flash-point higher than the reaction tenperature,
at a tenﬁ%’r“&f{’dﬁs@ between 5 and 100C, preferably around FSEUSRRFESr oduct

~.is 20 generally isolated by dilution with a saturated hydrocarbon sol vent,

filtration, and optionally purified by washing wth aqueous mneral acid
or a copper-H§equestering reagent” such as sodi um EDTA. The bi phenol may
optionally beQurified byYDecrystaIIWzﬁtion. - fiﬁi March 2006 WO 03/ 045883

procedure de§ ‘ , 7983. A copper
hal i de, such™az 5 is added 0 a m xture of al cohol,
such as net han > diamine is sljowy added. After the
addition of the diamne, air is sparded through the m xture with vigorous
stirring. The catalyst is filtered. Additional catalyst can be obtai ned by
concentratingyt he fiItraU&Tgnd 10 filﬁering t he qgsired catal yst. The

catal yst /cap al%so be plepared in—sit “dy contactiTy the copper halide and

the di ak pesimythe sotv or couypling re&ctijgn. Exanple of di am nes
i ncl ude, @ not , th i NQ: , N -tetraethyl et hyl ene
di am ne, 15 ethyl -1, pepanedi a ;

NN, N, N -tetrget hyl met k
NLN,N',N'-tet‘ay-thyl-l,G-hexanedianine,_
', N -tetradet hyl -1, 3- propanedi-am ne, di pi peridi nonet hane,

N, N, N

NN NN -tetgamelhyl et iyl epe, d) agl 08 211y phenols, 2,3,4-
trialkylphenols, 2,3,4,5-tetraalkylphencls or 2,4-

 5 dialkylphenols by oxidative coupling leads to the

corresponding biphenols. The oxidative coupling can be
carried out neat (without a solvent) or with one or more
of a wide range of poorly oxidizable solvents including
dichloromethane, chlorobenzene, tbluene, Xylenes,

10- nitrbmethane, paraffins, etc. A molecular oxygen-
containing gas is used as the oxidant. For example,
static air, flowing air, or oxygen can be used in the
oxidative coupling. The reaction is typically Carried.out
by contacting the phencl with a'copper complex of a

15 diamine in an inert, preferably aprotic solvent such as
dichloromethahe, toluene, chlorobenzene, or saturated
hydrocarbon, preferably one having a flash-point higher
than the reacﬁion temperature, at a temperature betWeén_S

_ and 100°C, preferably around 30°C. The product is

20 generally isolated by dilution with a saturated _
hYdrocarbon solVent,-filtration, and optionally purified
by washing with aqueous mineral acid or a copper—'
sequestering reagent such as sodium EDTA. The biphenol

may optionally be purified by recrystallization.



and 1, 4-di azabi cyclo-(2,2,2)-octane. Preferrably, the 2'0_ 8?Mﬁf°r¥‘£8°%re

N, N, N Dbk glkasubstituted ethyl enedi amine or propyl enegi-ani .
nethylgﬁggpgﬁéﬁi, such as tetranethyl et hyl enedi am ne ( Q&@gi&k

-N,N,N ,N -tetraethyl - 1, 3-propanedi am ne and N, N, N , N -tetraet hyl net hane
diam ne. The 3,3',5,5', 6, 6'-hexaakl yl phenol s nade by the 25 processes of

t he present Thw erdppsr cddahendsedt 4 Dysakeanppky peeparkedjasdagbyha process
whi ch conpri ses: 41) .reacting the 3,3 ,5,5,6,6"-hexaal kyl phenol s made by
the pr QRIS 49 pIRGnD | FSERRPSAT ARt hLgtbE8ARSy| 108 or e

gr oup- CASEAI Ni Y AGhYIRMA T §8E @ﬁa(?ﬁ)eggmegg&é? bAgks eard cdeigatalyst. and

(2). reacting the product of step (1 east one
phoSpharpaiddad dia ea cuirpoumel ohH aheohekseauehobs aretbrgei cabdse.

Preferably the is acid. catalyst is - 1 March 2006 03/,045883
PCT/ US0Z? (féléﬁ:mﬁ n‘%rﬁ%‘rﬁ%rjr%e?i%‘ﬁﬁyt?\%d%aga%ggﬁﬁsggﬁs\é\gdlf:rlpgl kyl ani ne.
The bi phenis dfartite presentisi éwft%é@ntH@augﬁeehéomﬁtﬁkedw@ghbi dentate

)

phosphi t e conpounds. Preparation bi dentat e phosphites using_ biphenols
are dedGhIFs BRI ing Pat Bt sCBL2BESU 185 BidBeredo apddétdenae7, the

disclo ' rg. t | r rence. . T

ndust BTy it SR Concih P oL g EhEL A E ks oRpRi ¢ o
conpourfdsl tanel ddh & Hy dieasinssdt ¢ ore Byl . hydrieé oeayhaysencah alebi bic
compounds. Bidentate. phosphite conpounds have been shown to be useful in
the hpFRAEESEDFIY RBhEARIEH A i 8PePERi BatbfpoaRdsthe

diamine in the solvent for the coupling réagtion; Example
of diamines include, but are not limit to, the following:
N,N,N’ ,N’-tetraethylethylene diamine, N,N,N’,N’-

15 ftetraethyl—l,Q—prbpanediamine, N,N,N’,N’—tetraethylmethane
'diamine, N,N;N’,N’-tetramethyl;l,6—hexanediamine,
N,N,N’,N’ -tetramethyl-1, 3-propanediamine,
dipiperidinomethane, N,N,N’)N'—tetramethyléthylene diamine
‘and 1,4-diazabicyclo-(2,2,2)-octane. Preferrably, the

20 diamines are N,N,N’,N’-tetrasubstituted ethylenédiamine
oxr propylenediamine or methylenediamine, such as
tetramethylethylenediamine (TMEDA), N,N,N’,6N’-tetraethyl-
1,3-propanediamine and N,N,N’ ,N’-tetraethylmethane
diamine. The 3,3’,5,5',6,6'-hexaakly1phenols made by the

25 processes of the present invention can be used to make
polymeric ligands by a process which comprises: (1)

. reacting the 3,3’,5,5’,6,6'-hexaalkylphenols made by the .
proceéses of the present invention with a benzyl c¢hloride
groﬁp—containing'polymer in the presence of a Lewis acid

30 'catalyst, and (2) reacting the product of step (1) with at
least one phosphorochloridite éompound in the presence of

an organic base. Preferably the Lewis acid catalyst is



as well as for the isonerization of non-conjugated 2 15 31 March 2006

al kyl - 3- enitriles to 3- and/or 4-nonoal kene. nple,
U. S. Patgﬁﬂ§%é§§€2,695, 5,512,696, and International Patefqéﬁgg *at i on

-W9514659. Bidentate phosphite |igands have al so been shown to be useful
in olefin hydrofornylation reactions. See for exanple, U S. 20 Patent

S5, 235, 1131uhbeupr eaestiddy eaid oth&l segarkat Baséoigogpounds of the formula
R OH HO. 25 wherein: RlL is methyl, ethyl, n-propyl, or isopropyl; R2is H
or. neth9¥13¥@Y1%mh%?hyl ethyl, n-propyl, isopropyl, or t-butyl; and R4.

~is methyl; 4 / 6.0%0 de hat if RL is
| sopropyl anéT%§ I'S ﬁg%?%%E%P%ggeﬁ%gg%%%g}%ﬁﬁééé%éghygﬁ ﬁ?g er%ed conmpounds
“are Ehosprd@scelbfdeHMwwe pwmgphtte5c6ﬁpbsnd§thyPrepaerpbnpyf R2 is Hor

nmet hyl ; Is methyl, isoprop or. t-butyl; and R4 is nethyl. Most
preferreﬁlﬁ?% 2o ég?tﬁ%%?ﬁm%ﬁ%ﬁ%??lslﬁr%r@%%%H?Hﬁ péPaHrﬁph wher ei n

R is ispprompyt:s, Bsimdl Kois, 150P40RYE; 0889267, the
disclosures of which are incorporated herein by reference.
Two industrially important processes that utilize

10 bidentate phosphite compounds are the hydrocyanation and
hydroformylation of olefinic compounds. Bidentate
phosphite compounds have been shown to be useful in the
hydrocyanation of monoolefinic and diolefinic compounds,

" as well as for the isomerization of non-~conjugated 2-

15 alkyl—3—monoélkenenitriles to 3- and/or 4-monoalkene.
See, for example, U.S. Patents 5,512,695, 5,512,696, and
International Patent Application W09514659. Bidentate
phosphite ligands have.also been shown to be useful in
olefin hydroformylation reactions. See for example, U.s.

20 Patent 5,235,113, |

The present'invention also relates to compounds of

the formula

R1

OH o R}

25 wherein:
R' is methyl, ethyl, n-propyl, or isopropyl;
R? is H or methyl; _
R’ is methyl, ethyl, n-propyl, isopropyl, or t—butyl; and
R* is methyl; ' | |



R4 is nmethyl. 15 EXAMPLES The followi ng non-limiting éxa%bP%§j¥??%strate
the present_jnvention 20 Exanple 1 Preparation of

5,5 -BI ?3!066#{7% )-3,3,6,6"-tetranet hyl - 2,2'-bi phenol P g/Uasoé%F’g?i on of
-18.6 g (0.104 nol) of 4-t-butyl-2,5 25 xylenol in 20 nmL of dichl oronet hane
was added 0.6 g (3 mml) of copper chlorohydroxi de- TMEDA conpl ex ( TMEDA =

. tet_ran?wyhateeylt@l!a%dii@rmheis T8epdapk1puhal Rzniétﬂfr@régén,ski’r:t@d under
anbient air overnight. Gas chromatography (GC) anal ysis showed only 25%
converetbar tbanhaewhytlure 30 was diluted with dichl oronethane, dried

s d t r.at i To.t . ' d 20 nL
b ovel onoxERREERELARADb ALY 4990 e ndd Mo SR SdbE Wherafie

chlpr oRy di @ xhelehFVEDA Tedptysyl; and the m xture was - 10 31 March 2006 WO
03/0458%3;PCT/U802/37306 stirred under air at anbient tenperature for three
days R85 ddnQErB8e®RYL/ The purple solution was concentrated to dryness,

oI EG o CRSGIRLPIT 900 S sl 0 0 e 10,2 9 52 of
' H NVRR{ GCIdethil 42, (s, 9H), 2.06 (s, 3H), 2.25 (s, 3H), 4.54 (s, 1H),
6.51 (s, 1F%bsz'%ie%2trég)are compounds of the immediately
10 preceeding paragraph wherein
R is isopropyl; | -

R? is H;

R? is isopropyl; and

R* is mefhyl.

15 |

EXAMPLES
The following non-limiting examples illustrate the
present invention.

20

Example 1
Prepération 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—2,5—

25 xylenol in 20 mL of dichloromethane was added 0.6 g (3

mmol) of coppef_chlorohydroxide—TMEDA complex-(TMEDA =
| tetramethylethylenediamine)7 The dark purple mixture was

stirred under_ambient air overnight. Gas chromatography
(6C) analysis showed only 25% conversion, so the mixture

30 was diluted with dichloromethane, dried (MgSO4) and
concentrated to dryness. To the crude residue was added
20 mL of cyclohexane and 1.2 g (6'mmol) of the above _
copper chlorohydroxide-TMEDA catalyst, and the mixture was

- 10 -



_éo Exﬁﬁ})l e 2 Preparation of 5,5 -Di-t-butyl-3,3 -di-i sobrgl%mgzg%
I met hyl -2, 2' - b| henol To a solution of 20 g (0.104 nol)

4-t - but yWOHBREI®85 n 50 nL of dichloronmethane was added 1. CH%F?ZB7NT) of

-15 copper chl or ohydroxi de- TMEDA conpl ex, and the dark purple mxture was
allowed to stir under anmbient air for three days (50% conversion). The

mxwre%\@f L U g4l Wé!ﬂr Dexanssennashide wh t Hradpspush EETAgspb ut i on, dried

(MgS™) concentrated 1o ryness. The residue was 20 chronmat ographed on
silica ge$5%0cgmver§1@ng (3E@ebase@ﬂ©n50b@hvemSW@ﬁ)C@@C%@téa@¢@e¢o

5,5'".-Di-t-but | spprop th
np. 105- 1@%@6%% NW% @‘i %a?dch’é‘ﬁﬁ‘at? g@ﬂﬁd .2%9?%%%?1
4. 585 (Stoléﬁve Yo 39 és(Sé%ﬁ of%§u£@aﬂp$e §1E(©pﬁﬂ@y1pn3pﬁ'3635"
4,4 - oct anet hyl - bi phenol 30 Preparation of
2,3, 4,5 tt@tramethylpﬁehmbm%oﬂg of MB530 Hut 85K br BWHHReHEPFén)a (0.22 nol)

(prepare cordin 1 01 e a ic acid
i nst ead fgghlé?bf%$t1as séry%ht E? iS ?§6 3%p|r%nyﬁogﬁer£§% anbi ent
t enperatgrel apd, fIRef i on2ad | ys; ﬂH).Bl March 2006 WO 03/ 045883

PCT/ US02/ 37306 distilled the product) in 50 nL of diglyme was added 1..0 g
of 2-am nopyridine, 1.1 g of cuprous chloride, and 80 g of

10 : Example 2
' Preparation of 5,5’-Di-t-butyl-3,3‘-di-isopropyl,6,6’-

dimethyl-2,2’-biphenol

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

15 copper chlorohydroxide-TMEDA complex, and the dark purple
mixture was allowed to stir under ambient air for thfee
days (50 conversion). The mixture was diluted with
hexanes, washed with aqueous EDTA solutlon, dried. (MgS0y4)
and concentrated to dryness. The res;due was

20° 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’ -biphenol, mp 105-108°C. *H-
NMR (CDCl,). d1.26 (d,6H), (s, 9H), 3.25 (septet, 1H), 4.58
(s, 1H), 7.30 (s, 1H). '

25 |

. Example 3
Preparation of 3,3’,4,4',5,5’,6,6'-octamethyl-2,2;-'

biphenol

30 Preparation of 2,3,4,5-tetramethylphenol

To 56 g of 85%~pure-5—bromoprehnitene (0.22 mol)
(prepared according to J. Am. Chem. Soc. 1929, 3001; used
acetic acid instead of chloroform as sdlvént, with 1 wt%

of iron powder at ambient temperature and fractionally-

- 11 -



25% NaOwe in nethanol, and the m xture was heated with 5 P MBTRPO%: :
‘met hangq|, { itrogen. After 16 hr heating at 120C t _ I on was
WogiShsD RGP

60% and ah additional 0.7 g am nopyridine, 1.0 g Cud NaOwve
.solution were added. After 4 hr at 100C, the conversion was 90% The
m xture was cooled, diluted with 200 nL of hexanes and 100 10 nlL of aq 3%

amoni gi ANd 1de HIFUSaRas e eso Washel Mdhymdales . adabgds (§O4), and
concentrated to dryness. The .crude 5-nethoxyprehnitene thus obtained
(43.1 @Of esmifmmadidiore 2 day g @f 10ag-ows el Bor hde of andos dg@eolis HBr,

di | ut ed, i ter and.hexanes ed to 5C and the 15 solids were
filter gzdls °arr-1b{c}’dv@es Hed ‘Wi l-ha%%:oo d a\/\rbfce)cﬁjleanngjlx%%l;(%n%és &?/?%%éi ‘?ﬁlt\:/%cuo provi ded

22 g Ofrehcdradl, f treddlarihydrenalicAvgdher Afted V@shr egoxeirg fromthe
filtrate, totali n% 26.5.9 (80% based on bromde) . 'H NW (CDCl13) 52.12
(s, 3HRAt A2065CsthgHronyergipy wae) 603, 2ang) s adsiitionajs (. 9H)y, 6.48 -

(s, 1H) . i, izatio , ; 5- r r (2.6 g,
17.3 m‘?‘%’l’)’gﬁghscflﬁ{rér’egl’%fer&aﬁr' il %w%ﬁ??%%%gf%ﬁg‘p’gpﬁs g (6.3

mol ) Gddad).Cl -AfvEDA 4 flor & o 8C , arrhiee niorivesradicat waes (BB caheer si on) . The
25 m xture was dilute 1th 5 nL 1IN HC1 and 20 hexanes, stirred for. 15
min, aft¥i4a%er@f © 'e\gdl |ddgl%(ﬁ'% w’ctghb%%d‘ﬂw‘i’n% hexang? ¥ldoh®crop from
theofi lnfir e aﬂg@% SfitdrOny AR dife aixfg;errﬂicl-ﬁlagsé StawHsnogt@ieh hyl -2, 2° -
bi phenol, np 202C. 1H NWR (CDC13) 8 1.90 (s, 3H), 2.20 (s, 30 3H), 2.22 (s,
3H), 2veders, dHed AMIPQud, aRjl. coRgamprated Poegayaeissn oflhe

3,3 'dgf%)éwga“ééﬁé%ypé%ﬁ%f€éﬂ€%¥ﬁﬁgng5tainéd (43.1 g) was

heated for 2 days at 100°C with 130 mL.of 48% aqueous HBr,
diluted with water and hexahes, cooled to 5°C, and the

15 solids were filtered and washed with cold water and
hexane. Drying in vacuo provided 22 g of 2,3,4,5-
tetramethylphenol. Another 4.5 g was recovered from the
filtrate, totaling 26.5.g (80% based on bromide) . H-NMR
(CDC1;) §2.12 (s, 3H), 2.16 (s, 3H), 2.19 (s, 3H), 2.21

20 (s, 3H), 4.44 (s, 1H), 6.48 (s, 1H).

Dimerization of 2,3,4;5—tetramethy1phenol

The monomer (2.6 g,.17.3.mmol) was stirred undef air
with 10 mL of toluene and 0.15 g (6.3 mmol) Cu(OH)C1-TMEDA
for 6 hr at ambient temperature (85% conversion). The |

25 mixture was diluted with 5 mL 1N HC1 and 20 mL hexanes,
stirred for 15 min, and filtered. The solids were
combingd'with a small second crop from~thé filtrate and
suction-dried to afford 1.4 g (54%) of octamethyl-2,2’-
biphenol, mp 202°C. 'H-NMR (CDCl;) & 1.90 (s, 3H), 2.20 (s, .

30 3H), 2.22 (s, 3H), 2.26 (s, 3H), 4.60 (s, 1H). '

Example 4:

Preparation of 3;3’-diisopropyi-S,S',G,G'-tetramethyl-
2,2’ -biphenol |

- 12 -



2,2' -bi phenol - 12 31 March 2006 WO 03/ 045883 PCT/ Us02/ 3758ERE%% sol uti on
“of 15.0'3}(0.0915'nn|) of 4-methyl thynol in 15 nlL of dichl oronet hane was
added 0. V9 §/0¢38% mp|) of copper chIorohydroxide-TNEDAlggﬁﬁ%@Q7“Whe 5
-solution was stirred exposed to the air for 4 to 6 hr at anbient
tenperature. The m xture was stirred with 5 nL of saturated aqueous

di sodi um EDTA.f o Laut eset egonpo cu- canpl.exgs ilyuted with 80 niL
of hexanes, 2%% gtéglﬁgggheé aggigmgsQ@bﬁ%é%??%?%db?ogdwsﬁ%gg. The crude 10
product wagmokcigmsial hizefl fiiohlibexmacbahe whforddewo0.2bops (Bokaling 8.5 ¢

of product (63%yield bas on, 90% _cqnv Lon), 1H NVR (CDC13) 81.24 (d,
6H, J = WmPéi,O%.§9PP?§,CE&EFOEYgﬁoféaeéfyﬁbg.%QmP?éﬁret?hiH, J =7 Hz),
4.6 s, gdhtiod Q8s(Sritbhd. eXP6sédr b enepahadfap 10¢€ 6 hi.at5 US.
4880775: np 106-107.50C). Larger scale preparation: To a solution of

2-i sopr opybidns- dempengtphenol The 40ixgure. 88snskjirradi¥dth 5ol of
di chl or onet hang s added ¢o [ C ohydr oxi de- T onplex (5 g). The
sol uti on® Erﬁﬁeéf?ngauFoﬁl%ggﬁ?magbgéb?éﬁtE?eﬁﬁgpgggfggmhiIe air was

bubbl ed §beemghse The-BbkbUEReBASdLI@BEQGWIthhadi sodblnhekBHés at angom
tenperature for 30 mn. diluted wwth hexanes (50 nL) and washed with HCl
(0.5 N) BRe hexare ¥Yagersypat FORCHRETERed EeneénPra&fed TBSgFTRAS resi due

whi ¢ch r r i, El h t =ksopropyl -
S PR DAL bloS L SORC B BRON, 6 gitoed Eubsovr o
' crops totaling 8.5 g of product (63% yield based on 90%

conversion), 'H-NMR (CDCl;) 81.24 (d, 6H, J = 7 Hz), 1.87

(s, 3H), 2.26 (s, 3H), 3.26 (septet, 1H, J = 7 Hz), 4.6

(s, 1H), 7.66 (s, 1H). The first crop had mp 107°C (lit.
15 US 4880775: mp 106-107.5°C). .

Larger scale preparation:

To a solution of 2—isopropyl—4;S—dimethylphénol (140

g, 0.85 mol) in 140 ml of dichloromethane was édded copper
chlorohydroxide-TMEDA complex (5 g). The solution was

20 stirred for 20 hr at ambient tEmpefature while air waé
bubbled through. The mixture was treated with disodium
EDTA at room temperature for 30 min. diluted with hexanes
(50 mL) and washed with HCl (0.5 N) and water. The
solution was.then concentrated to give a residue which was

25 further'putified by chromatography to afford 2—isoprdpy1—
4,5-dimethylphenol dimer (80 g, 57 %). Another 5g of
impure product was also obtained. 1H NMR 1.28 (d, J = 7
Hz, 12H), 1.90 (s, 6H), 2.30 (s, 6H), 3.29 (septet, J = 7
Hz, 2H), 4.63 (s, 2H), 7.08 (s, 2H) ppm. 3¢ R 16,0,

30 19.90, 22.5, 22.7, 27.1, 122.2, 128.16, 128.6, 132.0,
133.6, 148.9 ppm.

- 13 -



irrpure pr oduct was al so obtained. 1H NVR 1.28 (d, J =7 H%l pI)ZOO(’l 90 (s,

’ . 3.29 (septet, J =7 Hz, 2H), 4.63 ( 8 (s, 2H)
ppn1 1§%BMUQ° 0. 30 19.90, 22.5, 22.7, 27.1,.122.2, 1 §T§E%”i%@96 132.

.133.6, 148.9 ppm 31 March 2006 WO 03/ 045883 PCT/ US02/ 37306 Exampl e 5'

Preparation of 3,3 -diisopropyl-5,5"-diethyl-6,6"- dinmethyl-2,2"-biphenol
5 To a solution of 23.5 g of 4-et hﬁ*aﬁ#ygog‘ in 50 nmL of toluene was added
1.2 g of Cu(OH)d -TMEDA, and the s stirred under anbient air for
18 hr (90%Roeparatbon o80%s Af t@iisopropyThe, bf eduethpds6wbf ked up as above

and chromat ogr aphed (Si Cﬁlﬂegﬁnﬁsg é Effgrd éo 0 g (429% of 10 diner, ca
95% pure by gc anal ysis, 13) S1.2 (m 9H) , 1.88 (s,
3H) 52 .62 (aro 2, sdlatio® ofizd3. 5’3§7oi(543~9§'@1y1 1Hhymdl 6dn(s6 Mb)ef7. 07 (s,

1H). Exarrpl e 6 Preparation of 5,5",6,6" -Hexanet hyl -2, 2' - bi phenol 15

To a sdlakissie ora added r} n%tg‘lﬂfprfé-hEQH (QL 9TNBDA n and nthefmikewter omet hane -

was ad cl\?a:ql X 2 oI ution was
sti rreg&f ﬁg IIEI &h%r?&%hbl en enperat ure g §6r)° Was %e%%f "t hrough. The
m xt ur esomsaﬁhelmteedlw th "ﬂtémrcﬁnd:mm&mde}téﬁ Hﬁi 4£I\aba@e adngld wat er ,
respectively. The ether sol utlon was anal yzed GC, V\:hl ch |nd| cat ed 95%

conver STgPafPIEaPhed o(§3 Qs ﬂ"?xaééﬁ’ﬁertoc&tfzgl%??edoc@u[ﬂ ithg3df of
2, 495- it MW phenolyre by gc analysis, mp 61-64°C. *H-NMR

(CDC13) & 1.2 (m, 9H), 1.88 (s, 3H), 2.62 (q, 2H, J = 7.5
Hz), 3.27 (septet, 1H), 4.61 (s, 1H), 7.07 (s, 1lH).

Example 6 _
Preparation of 3,3’,5,5’,6,6’-Hexamethyl-2,2’-biphenol

15 To-a solution of 2,4,5-trimethy1phehol-(1.9 g) in 4
mL of dichloromethane was added copper chlorohydfoxide—
TMEDA complex'(0.2 g). The sblution was stirred for 45 h
at ambient temperature while air was bubbled through; The

'.mixture was diluted with ether and washed with HCl (2N)

20 and water, respectively. The ether solution was analyzed

oe

by GC, which indicated 95% conversion and 72

selectivity.

Copper catalyzed coupling of 2,4,5-trimethylphenol

25 a) Catalyst solution

Undexr éxcluéion_of oxygen a solution of 0.550 g of
' 2,4,5—trimethylphenol in 10 mL CH,Cl, was mixed with 0.924
of (TMEDA)CuCl(OH) to form a deep blue solution.
b) 'Coupling: _
30 A solution of 26.6 g 2,4,5-trimethylphenol in 125mL

CH,CL, was charged with 2 mL of the copper catalyst
solution as described under (a). The solution was stirred

at ambient temperature with a slow flow of air over the

- 14 -



25 a) Catal yst solution Under exclusion of oxygen a sol ut F’lolr\flaﬁcfhzf}(.)qs.SO g of

2,4, 5-tr] rret/%sghenol in 10 nL CH2Cl12 was m xed with 0.9

f cay iz
( TMEDA) éﬁ@f@ {0 forma deep blue solution. b) Coupli ﬁ’&ﬁgﬁgz/ﬂ\ng& ution
.of 26.6 g 2,4,5-trinethyl phenol in 125nm. CH2CL2 was charged with 2 niL of
t he copper catalyst solution as described under (a). The solution was

stirred sgtuddh eninbCABEr At .eaMlit B Arsbew-ftawat ablueyeh {he - 14 31
March 2006 WD 03/045883 PCT/ US02/ 37306 solution. Another 2 nL and 3 nL of

cat al ystaddgditabrerat® htdeadadt ehr 19r@aspaativalyr , ThespedarvehyioThe nol ar

anal ysi SSEPIeEn S0 Lok P on 4 S Shb L B EPORESL Fhp 27 ool FRE Che.

reacts on2di Gt ialps D€ shewpd otlaiet corsersibheaedoekf sandcwashed. with little
CH2Cl2 to yield 16.5g 3,3',5,5' 6, 6'-Hexanmet hyl -2, 2' -bi phenol . Anot her 6.2
g of 3,Bfter @ bingekheeréytt Por' mikiphentd 0BT echsgpmpduct rvas 10 t he

not her | pquor. The_puri of, the 1sol ated. pr t by GC.,and NVR was 99%
T nm (EiEsed "SeF ahdypingd el 68 PLEGL BT QIS 5 (SR ARG 17y
Exanpl e ¥, 45, £repgsat i vaxshe Shpl = 8] £YChopRENG1 5. Anobhér-Eebrgnsthyl -

2,2' -biphenol To a solution of 2-cyclohexyl -4, 5-dinethyl phenol (4.5 g, 22
mol ) i m25 it D6 df cilrdhet mahe? vas- hilBbenebppere £APLRBAYIEBRNde- TVEDA

CO”HbeX éﬁg?$gghegTTﬁ&ﬂ%f¢ibe“@&rity of the isolated product by
GC and NMR was 99%. H nmr (CDCl3): & 6.93 (s, 2H), 4.49
(s, 2H), 2.17 (s, 12H), 1.76 (s, 6H).

Example 7
15 Preparation of 3,3’-dicyclohexyl-5,5’,6,6'~tetramethyl-

2,2’ -biphenol

To a solution of 2—cyclohexyl—4,S—dimethylphenél (4.5

g, 22 mmol) in 25 mL of dichloromethane was added copper
chlorohydroxide-TMEDA complex (45 mg). The solution wés

20 stirred for 3 hr at ambient.temperature'whilé air was
bubbled through. The mixtu;e was diluted with ether and
washed with HCl (2N) and water, respectively. The ether
'solution was then concentrated to give a residue which was
further purified by chromatography'to-afford stérting 2-

25 cyclohexyl-4,5-dimethylphenol (1.35 g) and 3,3’-
dicyclohexyl-S,S',6,6'—tetramethy192,2'—biphenol-(1.8 g,
57% based on consumed 2-cyclohexyl—4,S—dimethylphenol). 1H
'NMR 1.27 (m, 2H), 1.39 (m, 8H), 1.75 (m, 2H), 1.84 (s,
6H), 1.86 (m, 8H), 2.22 (s, 6H), 2.85 (m, 2H),\4.52 (s,

30 2H), 7.04 (s, 2H) ppm. 130 wMr 16.1, 19.9, 26.5, 27.1,
33.2, 37.3, 120.2, 128.6, 129.6, 131.3, 133.6, 148.8 ppm.

- 15 -



20 stirred for 3 hr at anbient tenperature while air was 358{%‘1116280? hr ough.
‘"The m diluted with ether and washed with HCl hater,
respec?%géﬁwﬁgéhe ether solution was then concentrated &%N%P 10 re5|due
.which was further purified by chromatography to afford starting 2 25

cycl ohexyl - 4, 5-di net hyl phenol (1.35 g) and 3, 3' -

di cycl ohexyl -5,5",6,6' -tetranet kxbmdie 8bi phenol (1.8 g, 57% based on
consuned 2- cyclohexyl 4, 5- dlnetﬁvrﬁﬁéﬁﬁr). H NV 1.27 (m 2H), 1.39 (m
8H), 1. FxeparstHon BB (% -dixpgclapeyetyin 5 834 ( 6 6 2otesramehyd-85 (m 2H),
4.52 (s, 30 2H), 7.04 (s, 2H) . _ NVR,16.1, 19.9, 26.5', 27.1, 33.2,
37.3, 120.2, 128.6, 129.6, 131. .8 ppm 31 March 2006 VO
03/945883 PEF WSEI13#3I0M B@amcq/c&d'freen@rlatq CED—dJmeethylphenol

3,3 -di cyclopentyl 5,5',6,6" -tetranethyl - 2,2'-hi phenol 5 To_a sol ution of
2-cycl dgeft @l - 215 Mt hyilhHéh 1L ©F ghg:hlzvqumﬂf)a% W3s Addgd

dlchlor a %gglgqggg: 0 chd 5)T VE onpl ex (40 ny).
%%ngﬁbs sti'rre ﬁéﬁ DA éﬁblen eraEﬁ#i while air was
bubbl edoﬂ.hltdb@h wa'Ehesmaimalq/s&odétD hn’rgateaamhjlewas ﬂélnpaokiadreatwm]amd 2 hours

after reaction_started. The m xture was dllutgd wi t h di.chl or onet hane (50

) analwayﬁédb\}abéfﬁe%éfl‘(%%l N) W SRS SEThER & Mt S P WS hen
C%enaeaaadatt q g ‘éf A H&&@%e@y %a\w&&wétg&rtéaér If}a@dm%ure

chromat ography to afford 3, 3'-dicyclopentyl -5 '
tetranwahytilzuzedbwphémﬁquﬂcafcgnetme (5 OwiL)L arid (vmslmq; witlg3 (m 4H) ,

1.89 (ﬁCIGH% SZNQSAHH ﬁg@erziﬁ? @ﬁﬂutlon was then concentrated

to give a residue which was further purified by

chromatography to afford 3,3'-dicyclopentyl-5,5',6,6'-

15 tetramethy1¥2,2’—biphenol (2.5 g, 64%). 1H NMR 1.71 {(m,
8H) , 1.83 (m, 4H), 1.89 (s, 6H), 2.05 (m, 4H), 2.29 (s,
6H),_3'.3o- (guintet, J = 7 Hz, 2H), 4.61 (s, 2H), 7.12 (s,
2H) ppm. 13C NMR 16.0, 19.9, 25.5, 32.9, 39.3, 120.2,
128.5, 128.9, 129.5, 133.7, 149.5 ppm.

20 _ ' Example 9

Preparatibn of 3,3’-Difsec-buty1-5,5',6,6’-tetfamethylf
. 2,21 - blphenol

To a solution of 2-sec-butyl-4, 5- dlmethylphenol (1.3
.g, 7.3 mmol) in 10 mL of dichloromethane was added copper
25 chlorohydroxide-TMEDA complex (10 mg). The solution was
stirred.for 3 hr at ambient temperature while air was |
bubbled through.. The catalyst (10 mg each) was added at 1
and 2 hours aftef reaétion started. The mixture was
diluted with dichloromethane (50 mL) and washed with HC1
30 (0.5N) and water. The solution was then concentrated to
give a residue which was further purified by
chromatography to afford 3,3'-sec—butyl-5,5’,6,6'—

tetramethyl-2,2’-biphenol (0.45 g, 35%). 1H NMR 0.87 (m,

- 16 -

Nt



3.30 (quintet, J = 7 Hz, 2H), 4.61 (s, 2H), 7.12 (s, 'HgP3M 13c mwR
'16 0 1 32.9, 39.3, 120.2, 128.5, 128.9, 129.5,, 9.5 ppm
20 Exa %Wg(@%gﬁgbaratlon of 3,3 -Di-sec-butyl-5,5",6, 6'-te rane?ﬁ%ﬁ
..2,2"-biphenol To a solution of 2-sec-buty|-4,5-d|nethylphenol (1 39, 7.3
nnDI) in 10 nL of dichl oronethane was added copper 25
chl or ohyghy pxi de; TMEPA goaph ez (16uD) 1. be (a0l whh pniwes (&t i sred for 3 hr
at anbi ent tenperature mhlle alr was bubbl ed t hrough. The catalyst (10 ngy
each) wa2.26ldés, afHl, andl2(hou?B) af teb7r édct 2Bh. sTaPReds TRE) ni xture was
di | uted mnth us t hape, (5 n shed h 1,30,(0,5 and
wat er. TH2™so0l u qgﬂﬁmgg ?hgnléogtgk%rgtgdfgba’ ?¥25a ?gglduéimhlgz
furtier parofies. by 36hopnnﬂog9aphyote,aiﬁord,3132.8e01b5t§L 555.26,6
tetranet hyl -2, 2' - bi phenol (0.45 g, 35%. HNWMR 0.87(m - 16 31 March 2006
WO 03/ 048883 PCT/ US02/ 37306 6H), 1.21 (d, J =7 Hz, 6H), 1.65 (m 4H), 1.85
(m 6H), 2.26 (s, 6H), 3.01 (m 2H), 4.57 (s, 2H), 7.02 (s, 2H) ppm 13C
NVR 14.2 & 14.3, 17.9 & 18.0, 21.9, 22.1, 31.4 & 5 32.0, 35.5, 36.0, 121.9,
130.6, 130.9, 132.8, 135.6, 151.ExappdeEXfnple 10 Preparation of
2 gec6bﬁtyéeé£§nE£;&|hSﬁSQAQLfgc bu%%tramet%y% Sbbph%qggc EutylsO|Utlon of

- 10 2,2’ -biphenol

To a solution of 4-sec-butyl-2,5-dimethylphencl (3.9
g, 22 mmol): in 4 mL of dichloromethane was added copper
chlorohydroxide-TMEDA complex (40 mg). The solution.was
_ stirred for 3 hr at ambient temperature while air was
15 bubbled through. The.catalyst (40 mg each) wés added at 1
and 2 hours after reaction started. The mixture was
diluted with dichloromethane (40 mL) and washed with HC1
(0.5 N) and water. The solution was then concentrated to
give a residue which was further purified by
20 chromatography and reprecipitated from cool_hexaneé to
atford 3,3',6,6’—tetramethyl—5;5’—di—sec-butyl-2,2'~
biphenol (2.1 g, 54 %). 'H NMR 0.87 (m, 6H), 1.25 (d, J =
7 Hz, 6H), 1.65 {(m, 4H), 1.91 (m, 6H), 2.30 (s, 6H), 2.91
o (m, 2H), 4.68 (2s, 2H), 7.10 (s, 2H) ppm. 13C NMR ll.é &
25 12.0, 14.90 & 14.97 & 15.03 & 15.09, 15.7, 21.0 & 21.1,
30.49 & 30.52 & 30.74 & 30.77, 35.6 & 35.7, 119.8, 121.3,
128.0, 132.51 & 132.55 & 132.59 & 132.64, 137.8, 149.0

ppm.
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g, 22 mol) in 4 nL of dichloronethane was added copper 31 March2006 :
‘chloro TMEDA conpl ex (40 ng). The sol ution was or 3 hr
at anbﬁﬁﬁpgﬁeggérature while air was 15 bubbl ed through lg&ég fyst (40
.g each) was added at 1 and 2 hours after reaction started. The m xture
was diluted with dichloronethane (40 nL) and washed wwth HC1 (0.5 N) and
wat er. The solution was then concentrated to give a residue which was
further purified by 20 chronatograph and reprecipitated from cool . hexanes
to afford 3,3",6,6 -tetranet hyExampledilsec-butyl-2,2' - biphenol (2.1 g,
54 9% . 1 7 6H) 4 1 6 l4H) 1.91 (m
6H) . 2. 3@%@%&%—%—%’%—%—%@@ E?fu ?g’iei" m 13C NVR
11.9 & 25 12.0, 14. 90&14 97 &,15 -O3iphdrioD9, 15.7, 210&211 30.49 &
30.52 & 30.74 & 30. 77 35.6_& 35.7,,.119.8, 121.3, 128 0, 132.51 & 132.55 &
13.2.59 & 1¥® Fp£oluzan ?L&gzo‘*'%lp%ﬁ%’-‘lo%% ch- Doy Lighenpba58830
PCT/ USQ2/ 37306 (f29anpl &, 1l REeRaF aai&m&,f th dded
3,3, Qé -tetrgﬁﬁgprdbyl 6, 6" - di net hyl - Ome an%lp%%n% eToc%P%%fution of
2, 4- di |@@Wd®mmmdomﬁmﬂ &5 - GD QB nDTI)elssno}.S@tmznoWas _

di chl or rreth wa ded .copper or ohydr oxi de- DA. co e 5.0
The sol® %é) Z]tqag} LY o‘;‘f“&iJSel?'Fr r}a{etm% ‘?té‘r\?et‘% a?i‘ﬂ‘“engfn re(al r \?\/Zas 10
bubf! e%uﬁﬁl@&&hxﬂl@ﬁn XUEH it WS etk Wid shellw{dh Oud) (ang extract ed

wi th hexanes. The extracts were concentrated to give a residue which was
f urt he@nsueRtiraFagd with hexanes. The extracts were concentrated

to give a residue which was further‘purified by
chromatography to afford 20 g (40%) of 3,3',5,5'-
tetraisépropyl—6,6'-dimethyl—2,2'-bipheﬁol. H NMR 1.31

15 (m, 24H), 1.98 (s, 6H), 3.15 (m, 2H), 3.33 (m, 2H), 4.64
(s, 2H), 7.15 (s, 2H) ppm. 13c R 17.1, 24.5 & 24.6, 25.5
& 25.7, 29.6, 31.4, 122.5, 125.1, 134.1, 134.2, 141.1,

150.6 ppm.

20 ' : Example 12

Preparation of 3,3’-di-isopropyl-5,5’-dicyclohexyl-6,6"-
dimethyl-2,2’ -biphenol

To a solution of 4-cyclohexyl-2-isopropyl-5-

methylphenol (1.8 g, 7.8 mmol) in 10 mL of

25 dichloromethane was added copper chlofohydroxide-TMEDA
complex (20 mg)fl The solution was stirred for 3 hr at
ambient temperature while air was bubbled through. The
catalyst (20 mg each) was added at 1 and 2 hours after
reaction started. The mixture was diluted with

30 dichloromethane (50 ml) and washed with HC1 (O.SN) and

. water. The solution was then concentrated to give a

residue which was further purified by chromatography to

afford 3,3'-di-isopropyl-5,5’-dicyclohexyl-6,6'-dimethyl-

- 18 -



chromat ography to afford 20 g (40% of 3,3 ,5,5' - 31 March 2006

‘tetrai sq LB, 6' -di met hyl -2, 2' - bi phenol. 1H NWVR 1. 31 ééﬁ&, 1.98
(s, ekl).q?bcsb%fs?:’m oH), 3.33 (m 2H). 4.64 (s, 2H), 7.1]5"%(@@’05 bpom  13C
.NMR 17.1, 24.5 & 24.6, 25.5 & 25.7, 29.6, 31.4, 122.5, 125.1, 134.1, 134.2,
141.1, 150.6 ppm 20 Exanple 12 Prepaiation of

3,3 -di -2 sopriopyheod’ ¢1i cychphexy) - 6,8 NMRAI et byla?, 2' =biyphenol To a

sol ution of 4-cycl ohexyl -2-i sopropyl -5 nethylghenol é1.8 ?, 7.8 mol) in 10
nL of 2513 khl brafrethandihas! ad8eiMcopPer Ehér bRydi 8% del TREDAS: conpl ex
(20 my) .gdphe sotutipn ¥ sjijsgedsfof hg Lent teppgrature while
air was %ugbled th&ohdﬁ?ﬁThe ca?%lyé?p(z% %%1é§§§§’mgs.addg “at 1 and 2
hour § af2ley, 4 edti®mHn Fartedl2 The, 2Kl upemwas™ di NMRedSwiLt h2305,

di chl or anet ha (50 )., an sh ith HC1 (0.5N) and water. The sol ution
was thenﬂibﬂ’cg%-‘r‘gt e%q 1t gﬁ?a f‘?e&: ﬁu%ém%i C%OV\%S 7f%l?tﬁeraf)ﬁlrf}fied by
chromat ogyaphy it . af forg 3, 3iadisi ropyl -5, 5" -di cycl ohexyl -6, 6' -di net hyl
- 18 31 March 2006 WO 03/045883 PCT/ US02/ 37306 2, 2'-bi phenol (1.04 g,

5899. 1IHNWRR 1.24 (d, J =7 Hz, 12H) , 1.27 (m 2H , 1. 39 (m 8H , 1 .78
(m 10H , 1.85 (s, 6H), 2.68 ( e 29 (s, 6H), 3.25 (hept, J = 7 Hz,
5 2H), 4.60 (s, 2H), 7.12 (s, 2 NMVR. 15.1, 22.5, 22.7, 26..4,
27.30 27.BrepdrétBoidoB, 348! 36, 420tétrdm8tRByl-438 9dil3¢ciohéRB13, 148.6

m .
PP 2,2’ -biphenol

A mixture of 2,5-dimethyl-4-cyclohexylphenol (21 g,
0.10 mol), copper chlorohydroxide-TMEDA complex (2.1 g),
and methylene chloride (80 mL) was stirred at room
15 temperature for 6 hours while air was bubbled through the
mixture. The mixture was washed with HC1l (0.5 N) and
extracted with hexanes. The extracts were éonceﬂtrated and
dried to give a residue (20 g, which contained 90% of the
product, 4-cyclohexyl-2,5-dimethylphenol). The residue was
20 recrystallized from cool hexaﬁes to afford 3,3’,6,6'-
tetramethyl-5,5’-di-cyclohexyl-2,2'-biphenol (6.5 g, 31 %
yield). 1H NMR (CDCl3): 1.32 (m, 4H), 1.42 (m, 8H), 1.75-
1.90 (m, 8H), 1.93 (s, 6H), 2.28 (s, 6H), 2.70 (m, 2H),
1. 4.60 (s, 2H), 7.13 (s, 2H) ppm. 13C NMR (CDCl3): 15.2,
25 i6.1, 26.4, 27.3, 34.2, 34.1, 40.0, 120.4, 121.5, 128.5,
132.6, 138.3, 149.5 ppm.

Example 14

Preparation of 3,3’'-di-isopropyl-4,4’,5,5',6,6"-

30 : hexamethyl-Z,Z'-biphenol

3,4,5-Trimethylphenol (5g; 37mmol) was dissolved in
30 mL carbon tetrachloride under nitrogen. To this

mixture was added scandium triflate (0.9 g) and isopropyl

- 19 -



Exanpl e 13 10 Preparation of 3,3 ,6,6'-tetranmethyl-5,5"- d|313§/"5?h02i98§<yl

2,2'-b L m xture of 2,5- dlnethyl -4- cyclohexylpggﬁﬂ? , 0.10
nDI) g@gper c3ﬁorohydrOX|de TMEDA conplex (2.1 g) %yﬁene chl ori de

. (80 nL) was stirred at room 15 tenperature for 6 hours while air was
bubbl ed through the mxture. The m xture was washed with HC1 (0.5 N) and

eXtraCtn@th/ddd‘adl@t&[&iSe {he1gXt r aThe mexeuconwent heheddand rdried to give a
resi due (20 whi ch_cont ai ned 90% of the product
4- cycl difaxyA - HIAS NI BHEPREY: T er@%*ﬁ%@emﬂés29°P§6@yéPSPI|zed from

2 Ft
fce)?lrane%% Stagﬂ'ézg-cyc%%%xf/\f% 2$e% %en%l %h% org%lil&o erd). 1H NWVR

(COR13was WwakhgdnwidH ,sdt 42scéah1ur8|-l)icaﬂb615até 96r(,mi 8r 1.93 (s, 6H),
2.28 (s, 4.60 (s, 2 7.13 2 m . 13C NWR

¢ oo s echgiss i Sl £ ko dentel fag S na fog?i fieg g?izggashlzl 5. 128.5,
132. 6, cbi%mh éh%%ﬂéﬂ&gﬁaﬁﬁazEﬁ@ﬂ@ipléé-égppaéﬁutpﬁ ofith 36 ethyl

3,3 -di-isopropy ,5,5",6,6'- hexanet hyl -2, 2' %lp henol

3, 4, 5- RAahR S(Hg3 m)gv%sl%@m)ibd3bﬁ 80 nL carbon

oA RS LI, | KR S esndded et L e
meibaneH,fgonatxe 3(66 (th) chlientie X ur€12%s) heat 28 (®H[ ef) Ux 2.18
(1H, s), 2.10 (1H, s}, 1.35 (6H, d, J=12Hz).
| 2fIsopropyl—3,4,5—trimethylphenol (6g, 34mmol) was
dissolved in 10 mL methylene chloride, and 0.4g Cu(OH)Cl-
TMEDA was added. The mixture was stirred under ambient
15 air for three hours. Another 0.4 g Cu(OH)C1l-TMEDA was
then added, and the mixture stirred for another three
hours. To the dark reaction mixture was added 10% HCl
solution. The layers were separated, and the organic
layer was concentrated; dried over magnesium sulfate, and
20 the residue was chromatographed on silica gel eluting with
5% ether/hexanes to afford 3.1 g (52%) of product as a
white solid. 'H NMR (CDCl;): 4.74.(1H, s), 3.37 (1H,
quintet, J=7Hz), 2.20 (s, 3H), 2.08 (s, 3H), 1.76 (s, 3H),
-.1.26(d, 6H, J=7Hz).
25 ‘ _ - Example 15

Preparation of 3,3'-diisopropyl-5,5’,6,6'-tetramethyl—
- 2,2’ -biphenol

A 2-liter resin kettle equipped with mechanical
stirrer, dip tube for delivering air, condenser, and
30 receiver was placed in an oil bath and charged_with 610 g
4-methylthymol (99% pure by gas chromatography). CuCl
(3.05 g) and N,N,N’,N’'-tetramethylethylenediamine (7.14 g)

were charged, and the mixture was heated to 100°C. Air

- 20 -



for 3.5 hr under nitrogen. The m xture was poured into Wg%g??*éﬁ 6the

"l ayers %6%3%3%5 ated. The organic |l ayer 5 was washed w tﬁ‘tﬁg%z/ﬁﬂ),i um

. bicarbonate;” dried over nmagnesium sulfate, concentrated, and puritied by
.flash colum chromat ography on silica gel (eluting with 3% et hyl '

acet at e/ hexanes) to give 3 g 2-isopropyl-3;4,5- trinmethylphenol (46% . 1H
NVR ( CDCl3dp debisdrédHvia) dipdtdbel@t( 1Hosp, c3/36n(.1HAfgwimBets, J=12Hz),
2.25 (3H, s), 2.18 (1H,.s), 2.10 (1H, s), 1.35 (6H..d, J=12Hz).

2- 1 sopr op§RTs; atBet FPHBL APPpREAGI 108y Was4AHbIY aikd adilys GorEd &t 10 nL

et hyl engnghlapl dexeand 0ad0cOHGCHLEY. THEBA MRS waddedacHhe oty e vas
stirred under anbient 15 air for three hours. Anothér 8. g Cu(OH) d - TMEDA
was tthenthddedxtand theconstisteost BOked, Bordanebpeoplyir-ée 5'héuls.- To t he
dark reaction m xtur s, added 10% HCL soluti.on. The | ayers were
separatea?tﬁﬁﬂefﬁgfbgg nr BIPPEPRL waE BBREERTES: BETCTFTed W\ef *magnesi um
sulfate,bﬁﬁgoagcgge resi due was chromat ographed on silica gel eluting with
5% et her/ hexanes to afford 3.1 g (52% of product as a white solid. 1H NWR
(CDC13) : 4.74 . (1H, s) , 3.37 Emampleuiétet, J=7Hz), 2.20 (s, 3H), 2.08
(s, 3H), 1p5768.G : 1qibl_phEdhZ)l 39 - qm@cir;iagﬁ%ggg[ation of
3,3 -diiso 5676 S R o] =t resin

ket tloe equi pped with nmechadigelthytli-2rer -bdiphehnidle for delivering air
condenser, and 30 receiver was @Iaced iin an oil bath and charged with 610 g
4- et hyl t hynof* p88oRbuFesh) §S5CLRr BREEBERSpHy R Beehanical

stirrer, dip tube for delivering air, condenser, and

receiver was placed in an oil bath and charged with 4-t-
butylthymol (99% pure by gas chromatography). CuCl (1.00

15 g) and N,N,N’ ,N’-tetramethylethylenediamine (2.35 g) weré
charged, and the mixture was heated to 100°C. Air was
delivered via dip tube at 200 cc/min. After 4 hours, the
mixture was collected. Gas chromatography analysis showed
the mixture to consist of 78% 5,5’'-di-t-butyl-3,3’-di-

20 isopropyl-6,6’-dimethyl-2,2’-biphenol, 11% unreacted

monomer, and 12% byproducts.

Example 17

Preparation of 3,3',5,5’-tetraisopropyl-G,6’dimethy1-2,2;-
25 biEhenol | '
) A 22-Liter resin kettle equipped with mechanical
stirrer, dip tﬁbe for delivering air, condenser, receiver,
and electric heating mantle was charged with 7.2 kg 4-
isopropylﬁhymol (90% pure by gas chromatography). CuCl
30 (36.5 g) and N,N,N’ ,N’-tetramethylethylenediamine (85.5 g)
were charged, and the mixture was heated to 100°C.  Air
was delivered via dip tube at 5 L/min. After 11 hours,

the aeration was stopped, and mixture was allowed to cool
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(3.05 g) and N,N,N , N -tetranethyl et hyl enedi ani ne (7. 14 g)SIMv%CPeZO%ar ged,
“and thgydnisds8 Was heated to 100C. Air - 20 31 March 309Rs¥sAgé 045883
PCT/ US02/ 37306 was delivered via dip tube at 1,000 cc/mn. After 3.

- hours, the coupling reaction was substantially conplete, and the m xture
was coI | ected. Gas chromat ography showed 5 the m xture to consist of 90%
3,3 - diﬁce:oputxmﬁlctidh 6,&Es dlratmmgnﬁlplﬁ/ %ndolyﬂmod;hova@ﬁumheact ed
nmononer,. and 6% peruc ar’g) Pre aratjon of

5, 5' - diMIPREy B3 nsd1s"1 —}%@I TR HRECBY L bi phenol A 500- L
resin ketd g re@uyaped z\M-tﬂmmmm Cea*J Lﬁwéar@aed dhdhdde, foaRgdesdvering air,
condenser, and receiver was pl aced in an oil bath and char ged with 4-t-
but@ltfhmﬂod(u@g% -pure by gas chromatography). Cud (1.00 15 g) and '
N, N, N, N -tetranet hyl et hyl enedi am ne (2.35 g) were charged, and the

m xture was heated to 100C. Air was delivered via dip tube at 200 cc/ m n.
After 4 hours, the mxture was collected. Gas chromatography anal ysis

- showed the mxture to consist of 78%5,5 -di-t-butyl-3,3 -di 20

i sopropyl -6, 6' -di nethyl -2, 2' - bi phenol, 11% unreacted nononer, and 12%
byproducts. Exanple 17 Preparation of _

3,3 ,5/5' -tetrai sopropyl -6, 6' dinethyl-2,2'- 25 biphenol A 22-Liter resin
kettl e equi pped with mechani cal

- 22 _



stirrer, dip tube for delivering air, condenser, recelver31N%H@28?ectr|c
~heating mantle was charged with 7.2 kg 4- isopropylthynol (90% pure by gas
chromat ography). Cud 30 (36.5 g) and N,N,N , N -tetranet hyl et hyl enedi am ne
(85.5 @) - vere RHa&e®Tand the nixture was heated to 100C. Air was
delivered via dip tube at 5 L/mn. After 11 hours, the aeration was
st opped, and niwgtar eswesAzEDwed to cool - 21 31 March 2006 WO 03/ 045883
PCT/ US02/ 37306 Tor collection Gas]chronato raph aQaL%siE shoYBd t he
“mxture to condist &fPFIERRS Jfox Waking raal%cirﬁp | © ¢ Lormula .
6, 6' di net hyls- 2, 2' - bi phenol., 8% unreacted nononer, and 18% 5 byproducts. 31
Mar ch 2006 P111851PCT VVT'IS CLAI MED: 1. A process for maki ng a conpound of
the fornula 5 corfhrisi p§" :*Qxi datf vel y coupling a compound of the formula
10 at a tenperatur~ 5-d&g C and 100 deg C, in an aprotic sol vent
that is inert w ) gonpound to be coupled and that has a
flash point highé Q regction tenperature, in the presence 15 of a
. nol ecul ar oxygen-cpn ;'nlng gas\and a copper - contalnlng catal yst, said
copper - cont ai ni ngr'cat alr prodﬂced by a process conprising contacting a

copper

compr l 5 :Lng
oxzdat;vely coupling a c¢owpound of the formula

10
at a temperature between 5 deg C and 100 deg C, in an

aprotic golvent that is 1nert with respect to the
compound to be coupled and that has a flash p01nt
higher than the reaction temperature, 1n the presence
15 of a molecular oxygen-containing gas and a copper-
containing cétalyst, said copper-containing catalyst
produced by a process comprising contacting é.dopper
halide salt with an organic diamine.compound,__'

. wherein _ _ _
20 RL is CL to C6 primary, secondary or cyclo alkyl;
R2 ig H, C1 to C6& prlmary, secondary. tertlary or
_cYclo alkyl; ' ‘ '

R3 is Cl to C6 primary, secondary, tertlary or
cyclo alkyl; and : : _
zs'- R4 is H, Cl to C6 primary, secondary or ccho
-alkyl,
provided that R2 and R4 are not both H,

- 23 -




halide salt with an organi c di am ne conpound, wherein 203 RMaP2 1o 6
-primary, secondary or cyalo alkyl; R2is H d to C6 primary, secondary,
tertiary or cyclo alkyl; R3is Cl to CS primary, secondary, tertiary or

cyclo- alkyl; and 25 R4 is 9, O to C6 primary, secondary or cyclo alkyl,

. provided that R2 and R4 are not both Si. 23 31 Ivarch 2006 2 The process
CuCl2. 5

of. claim1 whergin t | . t' qQr
3. The process of cl ai miZ LSS %fs@?a.lﬁfﬁuw ggfnlgo %copper alide
is.N,N, N, N -t esabetyy @ty Eudrdi Guilneor Cucl2.

N, N, N, N -t%traet hyl . -1, 3-propanediamne., N,N,N,N - tetraethyl net hane
di am ne , NNNN,N-tetranethyl-1,6 10 hexanedl am ne,

N, NN N, N -tet r aet hyﬂhelp’i‘ocpsepaﬁedltaﬂmne, 6kb 20 o A nenER
2,2,2

t et rarret hyl et hyl ene e 1 azabi cycl 0-.
The process of RS r’ﬁnéa ﬁeﬁnNRZé R% ene diamine,
N,N,N’,N’-tetraethyl-1 3-propaned1amn.ne, N,N,N*,N’ -

| tetraethylmethane diamine , N,N,N’, N/ -tetramethyl 1,6-

10 hexanediamine, N,N, N’ N’ -tetramethyl 1,3-
propanediamine, dipiperidinomethane, N,N,N’,N’-
tetraméthylgth.ylene diamix:_te or 1,4-diazabicyclo-
(2,2,2)—octgne.

15 4. The process of claim 3 wherein R2, R3, and R4 are

each methyl ox ethyl.

J

5. A compound of the formula

20

-7 % Twherein: _
.. R'is ethyl, n-propyl, or isopropyl;
. R®? ie H or methy};
25 R® is methyl, ethyl n—propyl, isopropyl, or t- -butyl;
' and
R* is methyl-
provided that if R® ig isopropyl and R* is hydrogen, r?
is other than mathyl ...
30 ' .
6. A compound of claim 5 wherein
R* is ieopropyl;

-24-




each nmethyl or ethyl. 5. A conmpound of the fornula wherei A1 Mareh; 2006, hyl ,
«n-propyl’, or isopropyl; RFis Hor nethyl; 25 R3 is nethyl, ethyl,

n- pxopyl, isopropyl, or t-butyl; and .R is nmethyl; provided that if RSis
. isopropyl and RZ i;s hydrogen, r is other than methyl... 30 6. A conpound

of claim5 wher®i A® K& °F§‘9‘?"'g'{¥b]r"opyl : -24 31 March 2006 5 R2 is H or nethyl;

-R3 is methyl, igopgoRythyI0r its%?dﬁ' 1,908 tBAuty1 MeLAyl . 7. A conpound of
‘cllaim6 wherein, R2 is H_ and is'?ﬁisopropyl.}.$ - 25
R* iz methyl. _

. . 7. A compound of claim. 6 wherein

R? is H; and

R® is isopropyl. .
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