WD 03/ 045883 PCT/ US02/ 37306 TITLE 5 PROCESS FOR PREPARI NG

3,3 ,5,5,6, 6" - HEXAALKYL- 2, 2' - Bl PHENQOLS,

3, 3", 4, 4'Wb,03/0434E3XAALKYL- 2, 2' - Bl PHENOLS AND PCT/US02/37306
3,3 ,4,4",5,5,6,6"' - OCTAALKYL- 2, 2' - Bl PHENOLS FI ELD OF THE | NVENTI ON 10 Thi s
invention relates to a process for preparing
3,3,4,4",5/5,6,6"'-octaal kyl -2, 2" -biphenol s,
3,3',4,4',5,5'-hexaalkyI-2,2'-bipheE&Z£§and
3,3,5,5,6,6"-hexaal kyl -2, 2" -bi phenols. 15 BACKGROUND OF THE | NVENTI ON
Subst Bt ut ed PRYFRHS| EOR RREBARDNG' 3 53 5: 5t 21 r &af kyHEXBADKYBi diehol ;

3,3', 4,4 , SBEPHENQRS k¥ 3 2,2 4 bi phhoiBXAARKEY - 2, 3 ; BIPHENOLS AND

5,5 ,6,6" -octaalky3*2424* b phtndl &) -OCTAALKYL-2, 2’ -BIPHENOLS
3,3',5,5',6,6'-hexaa|ky|-2 2' - bi phenols; 3,3 ,5,5 20

tetraal kyl -2, 2' - bi phenol ; Ik | -5
oct ahydr o- 2, 2' - bi napht hol ; d%,E%E INVENTI&%

55206 7. 7 fhis ﬁwémgr@ 2o Db REpNE Noko sk 3 ofpai g al kyl -
_di hal o- 2, 2' - bi phenol are conpounds that can be used to nmake
phosphor - Dasked: ‘ot 2B v, § 1 geeiora lisict? 25 1higdmizodsicl ude phosphi nes,
phosphlnl ‘fhgsg¥q9;te:xaa rg? g@pﬁ;tq§ Epq&ﬁposphorous) Ilgands are
conpound h cont’dl n a S|n ospho T Ich serves as a donor
to a tran5jjﬂﬁHL3m$@J6 MW&i&aIkﬁi{ﬁunﬂﬁhmphénoﬂsgands, in general, contain
two phosphorus donor atons 30 and typically formcyclic chelate structures
wth transition netals. In general, biphenols can be nade by the oxidative

couphisng of (nono) phenol gadkEROUNDE DFOTRE ThVRRE TN

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'-hexaalkyl-2,2’-biphenols; 3,3’,5,5'-

20 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’-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

25 ligands include phésphines, phosphinites, phosphonites,
and phosphites. Mono (phosphorous) ligands are compounds
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

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

35 yields are poor for other reasons.



products, such as ketones, are obtained, and/or overall 35 yields are poor
for other reasons. - 1 WD 03/045883 PCT/ US02/ 37306 Phenols can be

oxi dat i veWg osoassted t o nake the correspondi ng bi phenol s bycrhsoussBoof a
variety of oxidizing agents, such as nitric acid, ferric chloride, 5
potassium ferricyanide, chromc acid, 2,3-dichloro-5,6- di cyanobenzoqui none
and di-t-butyl_peroxide. 2,2 D hydroxy-3,

3' - di - i sopr opy¥hengls &%t%l%b&%ﬁ/‘t’eéén‘:%‘épl%‘? parByke r bhs

2-i sopr Opé%f?ég}_?ém:[ﬁﬁ eNbid By 3endighl %p-é,@aﬂi&%ﬁn@@enzoqui none or
di -t-butyl peroxide. 10 See Tetrahedron, 1875, 1971 and J. Chem Soc.,
Perkin Toandizing &8mtg983icisone vitrhe axidanferahd/orlevideat al ysts

i nvol ye the use.of relatively.expensive and/ or osiye r oxi des)
compoind bR pohE H SR AAT agearol s “FarSe 2 Pa N GRr EF o Lse 15
Phenol s cancpdisebdezeh tiadhe edyd calipt efutigl ngePox Laebi naf2 on of a
transition metal catalyst and an oxidizjng agent such as persul fate anion
or oxygerPikgdroxy s}, Pardht sseR Ry b79; 6 4; e vl biphepy ¥ oean &5, 048,

and 4110§p§€$%ﬁé% £ & §1¥%% ﬂégv1—§9me€ﬁ§@—ﬁﬁthl W Gh 293§he”‘ 1983, 48,

4948. Th atents disclose the use “ of oxygen as an oxi di zi ng agent
with varidiushkatat 16 odicopperenonph exese soc hd ast coppet réroride, copper

pent 490ai 7 AFSEHYVEHETH ant Dpont 4LbtSEaL S A CBppere 25 RRFF e wi th
1, 3- di amimMpards hydr OxyP7 OPeses | etsaRetdE @ed doxiddier £Xai@) &6 ¢d- the patents
di scl ose the use of 2, 6-
catalysts involve the use of relatively expensive and/or
explosive (peroxides) compounds, which pose disadvantages
for large scale commercial use.

15 Phenols can also be oxidatively coupled using a
combination of a transition metal 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. Chem. 1984, 49, 4456 and J. Org.

20 Chem. 1983, 48, 4948. The cited patents disclose the use
of oxygen as an oxidizing agent with various catalytic
copper complexes such as copper chromite, copper acetate
with sodium mercaptoacetate, copper acetate with
pentasodium/diethylenetriaminepentacetate; and 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 with the

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



di substituted phenol or 2,4-di-tert-butyl phenol. The use of copper am ne
catal ysts, with oxygen as an oxidizing agent, has been described in
connect i owowsissshe 30 oxidative coupling of 2,4-di-tertPomtushpbsool ,
2-methyl -4 tert-butyl phenol, 2-chlor-4-tert-butyl phenol and 4-tert-

but yl phenol See, J. Org. Chem 1984, 49, 4456 and J. O g. Chem 1983, 48,
4948. - 2 WD 03/045883 PCT/ US02/ 37306 _There is a continui.ng.need in the
art for methodSP$HF HAKE PR A HEE dMeedi B dshe Lt i 12 dBe R n%‘?rs

sui tabl e ndrndraki N9 Rbosphoy pisadasess Cat ¥ S tbl proaidiss suAMARY OF THE
INVENTION In a first aspect,” the present invention is a process for making
a conpountpofmaking dplresph®RIOGH MR RERYSRILWaFRAR3 10 conpri si ng:
oxida%ively coupling a conmpound of the forrula OHR H R2Z R4 R3 in the
presence of a nol ecul ar oxygen-containing gas and a copper-containing
catal yst, said copper-contS8UMMARY ORtBHESINYENTLORd by a process conprising

contactiqg a 15 copper halide salt wth an organic di am ne conpound,
n a first aspect, the present invention is a process for

making a compound of the formula

R’ OH Ho R!
" O O "
R? R R4 R3

10 comprising:

oxidatively coupling a compound of the formula

OH

Ri

R? R

RJ
in the presence of a molecular oxygen-containing gas and a

copper-containing catalyst, said copper-containing
catalyst produced by a process comprising contacting a
15 copper halide salt with an organic diamine compound,
wherein
Rl is Cl to Cé primary, secondary or cyclo alkyl;
R2 is H, Cl1 to Cé primary, secondary, tertiary or
cyclo alkyl;
20 R3 is Cl to C6 primary, secondary, tertiary or cyclo
alkyl;
R4 is H, Cl to Cé6 primary, secondary or cyclo alkyl,
provided that R2 and R4 are not both H.

25 In a second aspect, the present invention is a compound of

the formula



wherein RLis Cl to C6 primary, secondary or cyclo alkyl; R2is H O

to

C6 primary, secondary, tertiary or cyclo alkyl; 20 R3is Cl1 to C6 prinary,
secondar ywotoan#iss3 y or cyclo alkyl; R4 is H Cl to C6 pripcarysp/sseondary

or cyclo

al kyl, provided that R2 and R4 are not both H 25 In a second

aspect, the present invention is a conpound of the formula - 3 WO

03/ 045883 PCT/USOZ/§7306 R OHHOR RZ\ Rz RBRR4 R3 3 wherein:

i s nethyl,

ethyl, n-pro

exhyl , n- sPepyl |

5 Rl

Ror isopropyl; R2is Hor nmethyl; R3 is methyl,
or t-butyl; and R4 is nmet hyl ; prOV|ded t hat i f

RL is isop 2 @gen, R3 is 10 other than nethyl. Preferred

conpounds are ; G i above wherein Rl is nethyl or isopropyl;
i ; i .thyl, i sopropyl, or t-butyl; and R4 is nethyl.
Most preferrred ar

10

15

20

25

30

& conpounds of the i medi ately preceeding

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;

provided that if R is isopropyl and R? is hydrogen, R?® is
other than methyl.

Preferred compounds are those described above wherein
R' is methyl or isopropyl;

R? is H or methyl;

R® is methyl, isopropyl, or t-butyl; and

R* is methyl.

Most preferred are compounds of the immediately preceeding
paragraph wherein

R' is isopropyl;

R? is H;

R? is isopropyl; and

R* is methyl.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a process for
preparing 3,3’,5,5’,6,6’'-hexaalkyl-2,2’-biphenol,
3,3',4,4',5,5'-hexaalkyl-2,2’-biphenol, or
3,3",4,4',5,5",6,6'-ocatalkyl-2,2’-biphenol by oxidatively
coupling 2,4,5-trialkylphenocl, 2,3,4-trialkylphencl, or

R2



par agraph wherein 20 Rl is isopropyl; R2is H R3 is isopropyl; and R4 is
met hyl . 25 DETAI LED DESCRI PTI ON OF THE I NVENTI ON The present invention
provi des wopsoemss for preparing 3,3 ,5,5,6,6"-hexaal kylpc2/i®oz2/Fizphrenol ,
3,3 ,4,4",5,5' -hexaal kyl -2, 2' - bi phenol, or

3,3 ,4,4 ,5 /5 ,6,6"-ocatal kyl -2,2"-bi phenol by oxidatively 30 coupling
2,4,5-trial kyl phenol, 2,3,4-trial kyl phenol, or - 4 WD 03/045883

PCT/ US02/3780% >4 e v aLIRetPhenad pHrict heabect i/l 2 SHRIEG copper

am ne catahysd ANt OXYYein@SoRxidi 2 N%hagen i nPuldail & sphels are
represented by the formula OH" Rl H 5 R3 wherein RLi1s Cl to C6 primary,
secondar yplenels|are atdgfesRred by tWle tiox@1ka i nary, secondary, tertiary
or 10 cyclo alkyl; R3is Cl1 to C6 priokary, secondary, tertiary or cyclo
alkyl; R4 is H Cl to C6 primary, secqndary or cyclo al kyl; provided that
R2 and R4 are not both H 15 Thealk ytips can be |inked together or
unl i nked. For exanple, alkyl group and R2 , can be connected to

wherein R' is C; to C¢ primary, secondary or cyclo
alkyl;
R® ig H, C, to Cs primary, secondary, tertiary or

10 cyclo alkyl;

R® is C, to Ce¢ primary, secondary, tertiary or cyclo
alkyl;

R* is H, C; to Cs primary, secondary 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, R' and R? , can be connected to
form fused cyclic alkyl groups. Similarly, alkyl 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-trialkylphenols and 2,3,4,5-
tetraalkylphenols, are those shown in the following

formulas.



formfused cyclic alkyl groups. Simlarly, alkyl groups R2 and R3, or R3
and R4 can be connected to formfused cyclic alkyl groups. Sone
representwnios®4sds3t, 5 20 trial kyl phenol's, 2,3, 4-tri al kyl pheaalsozsmok, 3, 4, 5-
tetraal kyl phenol s, are those shown in the following formulas. - 5 WO

03/ 045883 PCT/US02/37306 H,0 HO HOHO I\ I\ I\ I\ HO HOHOHOI/ I~
lj I\ HOHOHO HO HOHOHOHO H -0HO06 W 03/045883

PCT/ US02/ 37306H\dy| DHO H"Q H O H, 0O H, 9%; I-HQ Di neri zation of
2,4,5-trial kyl phenol's, 2,3,4- trialkyliphenols, |2, 3], 4, 5-tetraal kyl phenol s or

2.4 5 dial kyl pifemyl s by oxi dati ve coﬂairmyl- Ad the corresponding
bi phenol s. Thelgxi!dati ve €oupling can e _carried_outf neat (wthout a
solvent) or wth]one or of a wide range of pporly oxidizable solvents

i ncludi ng dichl oromet hanes/~¢hl orobenzene, tol uepex xyl enes, 10
ni tromet hane, paraffins, etc. A nolecular oxygen- containing gas is used as
t he oxi dant. For exanple static air, flowng air, or oxygen can be used

in the

Ho H.

H\
Heg Cﬁ);\ o)
H\ H\



oxi dative coupling. The reaction is typically carried out by contacting
the phenol with a copper conplex of a 15 diamne in an inert, preferably
aprotic swbwafitssssich as di chl or omet hane, tol uene, chl orolremaASOB 37306
saturated hydrocarbon, preferably one having a flash-point higher than
the reaction tenperature, at a tenperature between 5 and 100C, preferably
around 30C. The product is 20 generally isolated by dilution with a

sat ur at ed hfampcarbon dﬁygnt, flltrHﬂa on, and ¢pb|onally purified by
washi ng w th_agqueous m fer acid or ajcoppe seq estering reagent such as
sodi um EDTA. bi ph o)y*- 2d by recrystallization.
- 7 W 03/0Q PCT/ US 306 cat al yst can be
prepared using [the procCedure descr in Tetr8 ron Letters, 1994, 35,
7983. A copper halide, such as Cud, , CQul, Cu€l2, 5 is added to a

m xture of al cohol, such as nmethanol, and water and the diamne is slowy
added. After qpe add|t|0n|4of t he dlanlne air |s sparged t hrough the

m xture wifth viogorous stirfing. The c%&ﬁlyst i -t;ered Addi ti onal

cat al yst ; iVtrdte and 10 filtering the
desired catal y§ 3n situ by contacting
t he copper hakng he coupling
reaction. Exanplle , limt to, the
following: N, [ ,N -tetraethyl ethylene diamne, NN N ,N 15

tetraethyl -1, 3\pyopanedi am ne, N,N,N ,N -tetraethyl nethane diam ne,

N, N, N, N'-tetrgamer%gééaé%1Q§ qf §”@rldlkylphenols, 2,3,4-

trialkylphenols, 2,3,4,5-tetraalkylphenols 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, toluene, Xxylenes,

10 nitromethane, 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 phenol with a copper complex of a

15 diamine in an inert, preferably aprotic solvent such as
dichloromethane, toluene, chlorobenzene, or saturated
hydrocarbon, preferably one having a flash-point higher
than the reaction temperature, at a temperature between 5
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.



N, N, N ,N -tetranet hyl -1, 3- propanedi am ne, di pi peri di nonet hane,

N, N N,N -tetranet hyl ethyl ene diam ne and 1, 4-di azabicyclo-(2, 2, 2)-octane.
Pref err abwg,03048820 di amines are N,N,N , N -tetrasubstitut edTashysmsaedi am ne
or propyl enedi am ne or nethyl enedi am ne, such as

tetramet hyl et hyl enedi am ne (TMEDA), N N N ,N -tetraethyl- 1,

3-propanediamne and NN NN ,N -tetra I rret hane di am ng The
3,3,5,5, 6, 6' LHexemRSy fhiantae n%%l"ea]o\pgti HeAD PP RcERIERD of S hesent

invent O%E@@e@@réﬁ@é’séﬁﬁ@é@m p@é&’f@ﬁé&r&ﬂ gandist bys a Psegesss whi ch
conprises: (1) reacting the 3,3 5',6, 6'-hexaal ky1 phenol s made by the

processes7%$3t he Zpr@@mrzrdmbm@onswln g @él’ﬂzlel@H}ﬂror@db, G+@Lid- cont ai ni ng
pol y in gsence of_a lLews 0 cat.,al yst ) leacting the
S?c?dgcg 13 V& trﬁl}éttur%‘ g\f aﬁ%l'(xjo Ospthch Ql%lmea]:g' cgf 58

product of © east one' p of ochl Or T it @ coripound in the

presence wateAnad getid cdbdnine Preferably ddeed ew sf et dkisatadystiors - 8 WO
03/ 045883 PCT/US02/ 37306 alum num chloride, and the organic base is a
trial kyl &f nete diami$nenbr st SRHMEIFH e%lélfﬁusakhvré?ﬁ i Bhcledre vsddh to 5

produce b dentate phosphide cpppounds: & eparafian-of, bidedtaisnphosphi tes
usi ng bi phenols are described 1n U S "~ Patents 5 235 113, 6,031, 120 and

6, 069, 26 7catabysti canh dseirast aingdiloh @mrecammtpmgat@de hfeﬂetmtb.y arel er ence.
Tho LSk Bl e L BLeceRsen, AhaL Ul 26 J0 W denl abeplgoeni o
COWDOUI’ldSpreEﬂ)éjﬂétl ate sﬂw&@hié@@m@m@dﬁa@a&@;ﬁ@@m@m dd benaiseful in
the diamine in the solvent for the coupling reaction. Example
of diamines include, but are not limit to, the following:
N,N,N’,N’'-tetraethylethylene diamine, N,N,N’,6N’-

15 tetraethyl-1,3-propanediamine, N,N,N’ , N’-tetraethylmethane
diamine, N,N,N’,N’-tetramethyl-1,6-hexanediamine,
N,N,N’,N’-tetramethyl-1,3-propanediamine,
dipiperidinomethane, N,N,N’,N’-tetramethylethylene diamine
and 1,4-diazabicyclo-(2,2,2)-octane. Preferrably, the

20 diamines are N,N,N’,N’-tetrasubstituted ethylenediamine
or propylenediamine or methylenediamine, such as
tetramethylethylenediamine (TMEDA), N,N,N’,N’-tetraethyl-
1,3-propanediamine and N,N,N’ ,N’'-tetraethylmethane
diamine. The 3,3’,5,5’,6,6’-hexaaklylphenols 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
processes of the present invention with a benzyl chloride
group-containing polymer in the presence of a Lewis acid

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

an organic base. Preferably the Lewis acid catalyst is



hydr ocyanati on of nonool efinic and diol efinic conmpounds, as well
the isonerization of non-conjugated 2 15 al kyl - 3-nonoal kenenitriles to 3-
and/ or 4-wonosaiisene. See, for exanple, U S. Patents 5, 51PC0ABN2/5386l2, 696,
and International Patent Application W9514659. Bidentate phosphite
| i gands have al so been shown to be useful in olefin hydrofornylation

reactions._ See for exanple, U S. = 20 Patent 5,235,113. The present
i nvent i orP BRI R IR c ARFH U FFIRHe BFIAA RL OHHORL RZ Rz R3

tg%gyquéﬁfheFu_is met hyl , ethyl, n-propyl, or isopropyl;

R4 R4 R3

as for

R2 is H

or methyl; R3is methyl, ethyl, n-propyl, isopropyl, or t-butyl; and R4 is

nmet hyl ;

and R%i

describe

I 'SOpr opy

- 9 Vi3 AE883L PO USHR /137898t pinvenieon hean ids4d 4 i sopropyl
s _hydr ogen i.S t her, t.han et hyl Pref erred conpounds are those
PRSI Sitdce Hiiini L8 L Midiae 7 TELSS SO RS TP 11038

i s met hylbid&sopiepydphosbhitduityd indinsh ph¥nd Bs retdydesdMbbedprad erred are
conpounds of the imediately 10 preceediqg ggga.gquj¥herein
, / e

10

15

20

25

Patents 5,235,113, 6,031,120 and

disclosures of which are incorporated herein by reference.

Two industrially important processes that utilize
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-
alkyl-3-monoalkenenitriles 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.
Patent 5,235,113.

The present invention also relates to compounds of

the formula

R! OH Ho R!
) <QIII» 41“"> "
R? R R* R?
wherein:

1

is methyl, ethyl, n-propyl, or isopropyl;
2

R® is H or methyl;
R® is methyl, ethyl, n-propyl, isopropyl, or t-butyl; and
R* is methyl;



Rl is isopropyl; R2is H R3 is isopropyl; and R4 is nethyl. 15 EXAMPLES
The following non-limting exanples illustrate the present invention. 20
Exanpl e IwBrep#sst i on of 5,5 -Bis(t-butyl)-3,3",6,6'-tetracetisyt/37306

2,2' -biphenol To a solution of 18.6 g (0.104 nol) of 4-t-butyl-2,5 25
xylenol in 20 nL of dichl oronethane was added 0.6 g (3 mmol) of copper

chl or ohydr oxi de- TMEDA conpl,ex (TMEDA = _tetrangt hyl et hyl enedi ayji ne). The
dark pur @R asit & Afed SERFOPYANFENR atP BYEFREGHt . RGasS

chromat ogtiaphy + K& m ysis showed only 25% conversion, so the mxture 30
was diluted wth dichloronmethane, dried (MgSO) and concentrated to
dryness. To tereferied exinpounds axkidtho® desofilsyd | abesandersin. 2 g (6
nmol ) 5of R];lhe atg?_yo%i%, COQP er. chl or ghydr oxi de- TMEDA cat al yst, and the m xture
was ->10 ~ WO 485 PCTPPHEGPY37306 stirred under air at anbi ent

t enper at W% ifs0H ¥ @rtthgys (85% conversion). The purple solution was
concentrated to dryness, and the residue was chromatographed on silica gel
5 to giv&R'1G21§ ) 16PPEERY 15, 9T- Bi-HUtyBut @t 3, 3", 6, 6' -

tetranet hl 2, ?r{e-tly'yﬁhenol , np 103-105C. 1H NWMR ( CDC13)

Most preferred are compounds of the immediately
10 preceeding paragraph wherein
R' is isopropyl;

2 is H;

w

R
R® is isopropyl; and
R4

is methyl.
15
EXAMPLES
The following non-limiting examples illustrate the
present invention.
20

Example 1
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-2,5-

25 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% conversion, so the mixture

30 was diluted with dichloromethane, dried (MgSO,) 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 -



1.42, (s, 9H), 2.06 (s, 3H), 2.25 (s, 3H), 4.54 (s, 1H), 6.51 (s, 1H),
7.24 (s, 1H). 10 Exanple 2 Preparation of

5,5 -Di - twbuBp#ss83 3' - di -i sopropyl, 6,6 - di methyl -2, 2" - bi plremalso2/IBoa
solution of 20 g (0.104 nol) of 4-t-butylthynol in 50 nL of dichloronethane
was added 1.0 g (5 mmol) of 15 copper chl or ohydroxi de- TMEDA conpl ex, and
the dark purple. mxture was allowed to stir under_anbient air for three

days (50%'ComReG BT ke 3k AR eMaL Hireid s® tiPr kiR daXshed with
aqueous ELA SQlbd Lk o0 | edr{ M1 e U (EONGENTd At &hdh i MEP S0 The

resi due was 20 chromat ographed on silica gel to give 3.6 g (34% based on
conver si oinyrtﬁsspurzmdjltrm e Bt AU -waSJLﬁI}m‘OIGatBbgmphed on silica gel

i sopropyl, 6,6 -d bi henol C. ( 13) 81 26
(d, 6%), 3 .9%1$ (é%ﬁc) fp gﬁ%“tyjﬁ ﬁ\% .

Exanpl e &éﬁrﬁr@é@wmoj an?pheﬁhda ,,SnEp ﬁo:ﬁ-eranéHhNMRZ(éDle phenol 30
Preparation of 2,3,4,5-tetranet hyl phenol To 56 of 85% pure

5- br oroprietf t effe (B1h2 29 (priEpar & Zecbid 3%@ t & -P4 A &Em  Soc.

1929, 3004;5 usgbd ﬁgetl-;: 23@% i ngfyead of chloroformas solvent, with 1 wt%
of iron powder "at anbl ent terrperature and fractionally - 11 V\D 03/ 045883
PCT/ US02/ 37306 distilled the product) in 50 nL of diglynme was added 1.0 g

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 three
days (50% conversion). The mixture was diluted with
hexanes, washed with aqueous EDTA solution, dried (MgSO,)
and concentrated to dryness. The residue 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 (CDCli;) 01.26 (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 solvent, with 1 wt$%

of iron powder at ambient temperature and fractionally-

- 11 -



of 2-am nopyridine, 1.1 g of cuprous chloride, and 80 g of 25% NaOwe in
nmet hanol, and the m xture was heated with 5 renoval of nethanol under

ni t rogen.wafoseussgs hr heating at 120C, the conversi on wa®CeO%Kp2/a13d6 an
additional 0.7 g amnopyridine, 1.0 g Cud, and 20 g NaOwe sol ution were
added. After 4 hr at 100C, the conversion was 90% The m xture was cool ed,
diluted with 200 nL of hexanes and 100 10 nL_of_ aq 3% anmpni a, and the
organi ¢ phslel WA Vel R O et ) Wit e70 W i @ hBRRs wahpddtent Hed to

dryness. Jhe,_ &pude, - EfNoxypremidens, dhuss obi s nesk (4hd &) heat ed
for 2 days at 100Cw th 130 nL of™ 48% aqueous HBr, diluted wth water and

hexanes, Z%%|NabPNe HC magrlhhdle, 181d dihelsnivetrerd ivaerleshtad watsghed with col d

wat er _.and___hexane._.Drvi.ng in vacuo pr.ovi ded 2 of 4.5-

t et r aftet BT PMEHoI OF Aﬁ%‘f}ﬁ%?()ﬂ.%n e]f/varglrfre%%%r eéb‘%r%lf’n f%é’lr 1535 H%, totaling
26.5 g (8% Pesed @hlcivddsion MaVR o, CREES)arb 2483 ti®nadHp,. 72416 (s,
3H), 2.19 (s, 3H), 2.21 20 (s, 3H) , 4,44 (s, 1H) , 6.48 (s, 1H .

Di neri zat3Winepypidine 5.1 e rarft®yl pHeho? 0 VR L YLl ®! ¢ve 7. 3 mol )

was stirr der, ad Mh of telu Al a8 6823 Myl
Cu(OH) C % f%&%r hr “at a;alt'-"onbilTdéont "t enﬁe?gﬁlﬁg%(lg?% gon\?grﬁéi on) = The 25
m Xt ur e waisxtditeltvems wodil &d mMdilNitH4l vainch 220 orimIhexdanessaness ignaedlGor 15

mn, and filtered._ The soljds were .  conbined with a small second. f
the 01 1St S5ml LUATERR | GG o TP & B 0f Sl - 2, 2 -
bi phenol , wdie 20241 ddt+ MEBE GDCEIN Schc@RittStedto ddyA@ses, 3Be3H), 2.22

s, 3H, 2.26 (s, 3H), 4.60 (s, 1H). Exanple 4:
( " crude(5—meggoxyprehéitengﬁthus ogggined (43.1 g) was

heated for 2 days at 100°C with 130 mL of 48% aqueous HBr,
diluted with water and hexanes, 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
(CpCl;) 62.12 (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-tetramethylphenol

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

25 mixture was diluted with 5 mL 1N HCl and 20 mL hexanes,
stirred for 15 min, and filtered. The soclids were
combined with a small second crop from the 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’-diisopropyl-5,5’,6,6’-tetramethyl-
2,2'-biphenol

- 12 -



Preparation of 3,3 -diisopropyl-5,5,6,6"-tetranmethyl- 2,2'-biphenol - 12
WO 03/ 045883 PCT/ US02/ 37306 To a solution of 15.0 g (0.0915 nol) of

4- et hyl wbyaohsssn 15 nmi of di chl or onmet hane was added 0. 72C@/1(S82/27306mol ) of
copper chl or ohydr oxi de- TMEDA conpl ex. The 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 disodium EDTA for 10 m nutes to deconpose

Cu- conpl exes, P 1tERA W 1¢0 80F m> of ekarRL5 diel) tHe hemeert ayer was
concentratednt 0 45 V1SR, JPeyLEAAS ik HQMICH Yesqd&gryStiald i ged, from

hexanes to arford two crops totaling 8.5 g of product (63%yield based on
90% convensionf cHPPR ¢IEDRHUS)ydloxRddg - dIMER) dJompledy) THe 87 (s, 3H),

2.26 (s, 3 3.26 (septet, IH_ J =7 H). 4.6, (s..1 .06 (s, 1H)

The f i(Sr stsﬁ%%l%d” W?%l ‘%}?poﬁoe%st%fﬁgb‘aﬂ%%r n%érlozg?tﬁ)#% a(ti_ar ger

scal e prepdppdhONt enfPe BaSi@tdll | OThedfmZct SEP Ry | séi Bred netdy | phemadf (140 g,
0.85 nol) in 140 m of dichloronethane was added copper

chl or ohy dPSGERE SVEIRIRDHD| &by ERHe &or it oRimes=20Stirred for 20 hr

at anbie tar e LI Y8s, r ] Xt was
treated %?%&%(g%% %ﬁm c%%%iA&é% toom tte%ypgga?grée@frg#%?:% }-}rné}%r{gf'l ﬁrg%l W th
hexanes 13 tjarsedl apehedasv ¢dnd4Cit X4 &d N)o adndywetser . Thee crsodaedt i on was

chr ot odr ST 08 rEr Sy hhr e LR TR Ry T BIHGThi T (80 5, 57
% . Anot hefopd tdtaling 8.5 g of product (63% yield based on 90%
conversion), 'H-NMR (CDCl;) &1.24 (d, 6H, J = 7 Hz), 1.87
(¢, 3H), 2.26 (s, 3H), 3.26 (geptet, 1H, J = 7 Hz), 4.6
(s, 1H), 7.06 (s, 1H). The first crop had mp 107°C (1lit.
15 US 4880775: mp 106-107.5°C) .

Larger scale preparation:

To a solution of 2-isopropyl-4,5-dimethylphenol (140

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

20 stirred for 20 hr at ambient temperature while air was
bubbled through. The mixture was treated with disodium
EDTA at room temperature for 30 min. diluted with hexanes
(50 mL) and washed with HCl1 (0.5 N) and water. The
solution was then concentrated to give a residue which was

25 further purified by chromatography to afford 2-isopropyl-
4,5-dimethylphenol dimer (80 g, 57 %). Another 5g of
impure product was also obtained. lH 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. 13C NMR 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 -



| npure product was al so obtained. 1H NWR 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 13C WbhR306883 30 19.90, 22.5, 22.7, 27.1, 122.2, 128PrC6/ust28136¢ 132.0,
133.6, 148.9 ppm - 13 WD 03/045883 PCT/ US02/ 37306 Exanple 5 Preparation
of 3,3 -diisopropyl-5,5-diethyl-6,6"- dinethyl-2,2"-biphenol 5 To a
solution of 23.5 g of 4-ethyl thynol _in 50 nL of toluene was added 1.2 g of
Cu(OH) O - TMEDA, and the mixture wasEXgPRLE4Sunder ambient air for 18 hr
(90% conver si 99eFa§Q%iaLt 8% §,5%)ailBeppbgguck, wasdmeehgﬁ! §Peas above and

chr omat ogr aph IULIHEXdHEb) TOoO artora o0 mer, ca

95% pure by gc anal ysis, npdémeghyl-2,RANRiPESAHR) S 1.2 (m 9H), 1.88 (s,
3H), 2.62 (q, 2H _J =7 p 4.6 07 (s,
1 Secanpl'e EoreRatETR o 275% 3 ARyl andeny 15 58 ena Sis
To a sol utbDieRé Wad, Hd&edmet hyd pbenoh (O7) @IQTME]DA4 aﬁa ©he dhCt@FOTEL hane
was added copper chl orohydroxi de- TMEDA conpl ex ) . The sol ution was
stirred féRS48thrrad WREREnaPERREr 3t tir %N $eh3a|£99\asc%‘b%r%holtlhrough The
m xt ure d d et 2 f0d, wat er,
respective Q.A#Eéefe?\ﬁ%%bsolﬁ?é %%‘@gnazfj?’;%& %@ g%\h%g T ndi cat ed 95%
conver si ocnhaaxdaﬁ’ag%tp]sedie(:sloj/tk;EX@quertcca’faﬂqmdeQ:cmpg | (4R 20f of

2,4,%&}r|ge h¥|phen85f -pure by gc analysis, mp 61-64°C. 'H-NMR

(cbcl;) 6 1.2 (m, 9H), 1.88 (s, 3H), 2.62 (g, 2H, J = 7.5
Hz), 3.27 (septet, 1H), 4.61 (s, 1H), 7.07 (s, 1H).

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

15 To a solution of 2,4,5-trimethylphenol (1.9 g) in 4
mL of dichloromethane was added copper chlorohydroxide-
TMEDA complex (0.2 g). The solution was stirred for 45 h
at ambient temperature while air was bubbled through. The
mixture was diluted with ether and washed with HC1l (2N)

20 and water, respectively. The ether solution was analyzed
by GC, which indicated 95% conversion and 72 %

selectivity.

Copper catalyzed coupling of 2,4,5-trimethylphenol

25 a) Catalyst solution

Under exclusion 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 solution of 0.550 g of
2,4,5-trimethyl phenol in 10 nL CH2C12 was m xed with 0.924 of

( TMEDA) Cb(0omiss8d form a deep bl ue sol ution. b) CouplingPCc3@ss/ssbati on of
26.6 g 2,4,5-trinethyl phenol in 125m. CH2CL2 was charged with 2 nL of the
copper catalyst solution as described under (a). The solution was stirred
at anbi ent %enPerature W th_ a Iﬁl ow flow of _air over the - 14 WD 03/045883
PCT/ US02/ 593061 R ol AP HRET shoTHe?d i ™unaf 2 bYStatAtysi0%0¥3% i on was

added aftgiadd® ftapdi3mhrandespest] VedypedbevdD) ar That hdlaPet YLD
catal yst and 2,4,5-trinmethyl phenol was 1.4% After 5 2d GC anal ysis showed

99% convePstveeat CaBad vet cadv? t$. 5-Irirethybbherol Heas ehctf oMt ure to

OCth jlt f i hit ield
05 63 DrgteE B L Shalesl donibtesiat 40 L s BRGIL o vie
3,3",5, 5 Bfer HeXaIBhGYEhe, 2eabt DHENRIxtBFE ¢ S00RL athd Bk tt R g1ot her
liquor. The purity of the isolated product by GC and NVR was 99% 1H nnr

(CDC13): Elbtored sofDHynd waghed swi)lit g ¢HCle2Hp, yield 16.56H).
Exanpl e 7,15, P, J C f 3.3 sdicycl.ohexyl -5, 5 6,6 -tetranethyl -

2, 2' - bi ph%%%l'%"gé)gégéol 3’?‘?0%“1%‘%}?%2%@ oh%@gﬁ?g:g’i“ﬁ%%ﬁp‘ﬁeﬁno‘?? 5 g, 22
mol ) in 253 nis o8/ 6lj &hl 10 camé tlayie- e astisitetOD PR re Chid O Dtydlr Hdmle- TMEDA
conplex (45 ng). The solution was 20 stirred for 3 hr_at anbient
tenpé#htUFQ@VWPWQ?%j}1Q%BF° The purity of the isolated product by

GC and NMR was 99%. 'H nmr (CDCl;): & 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-4,5-dimethylphenol (4.5

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

20 stirred for 3 hr at ambient temperature while air was
bubbled through. The mixture 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 starting 2-

25 cyclohexyl-4,5-dimethylphencl (1.35 g) and 3,3’-
dicyclohexyl-5,5',6,6'-tetramethyl-2,2’-biphenol (1.8 g,
57% based on consumed 2-cyclohexyl-4,5-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. 3¢ nvr 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.
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bubbl ed through. The m xture was diluted wth ether and washed with HCl
(2N) and water, respectively. The ether solution was then concentrated to
give a respdae438B3 ch was further purified by chromatograploy/usezafdor d
starting 2 25 cycl ohexyl -4, 5-di met hyl phenol (1.35 g) and 3, 3" -

di cycl ohexyl -5,5",6,6' -tetranethyl -2, 2' - bi phenol (1.8 g, 57% based on
consuned 2-cycl ohexyl -4, 5-di net hyl phenqgl). 1H NWVR 1.27 (m 2H), 1.39 (m
8H), 1.75 (m 2H), 1.84 (s, 6H), é&ﬂﬁkﬁp8m 2.22 (s, 6H, 2.85 (m 2H),
4.52 (s, 2 1SS 16, 4+, 46 0. . 33.2,
37. 3, 1203§r@§%§a%19é45503 Ezlﬁggyidd 0, L48§5§pp%16 _t3§r§m§£%§%n 45883
PCT/ US02/ 37306 Exanple 8 Prepareﬁdgﬁrhﬁphenol

3,3 -dicyclop tyI 6, 6' sol ution of
2- cycgopentyl ?ré’f Iﬂ)h%%% enrzyl %)) JfrPln‘iQrbyln?_ ot

di chl or ongd hsﬁ@ vm rﬂﬁwﬁﬂ ﬁ@pp@rmmf&@r&lfb&dl@@rﬁ@tﬂd\f@mai@@ﬂ@d(4o ng) .
The solution was stirred for 3 hr at anbient tenperature while air was

bubbl ed tCFﬁRRth chifer ey dirgst dg ABMERA é%Rf‘I‘Bl%s 40 wlded B2 1 and 2 hours
fter r { 50
1) “and vEeha ol MAE TR Y E pan A SR N b SR i Tane |

concent r adied wasn hyxhvkeled rtgsr olumgh whi e vmaflysthefupung feachbywas

ch t t ff d | t 5,5
ot rafes S A0 ot hiduad SR ik e icady Thymincuge (o 4y
1.89 (s, & d:leQc5eci rﬂ]liﬁ@dl&ﬁ?&r&rﬁethéﬁ@ (50 3L Bhdt@ished Svikiz, 2H),

4.61 (s, 2%? 2 (s,
. N) and water. The solution was then concentrated

to give a residue which was further purified by
chromatography to afford 3,3'-dicyclopentyl-5,5',6,6'-
15 tetramethyl-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), 3.30 (quintet, J = 7‘Hz, 2H), 4.61 (s, 2H), 7.12 (s,
2H) ppm. 13¢ 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
Preparation of 3,3’-Di-sec-butyl-5,5’,6,6’-tetramethyl-
2,2’ -biphenol

To a solution of 2-sec-butyl-4,5-dimethylphenol (1.3
g, 7.3 mmol) 1in 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 after reaction started. The mixture was
diluted with dichloromethane (50 mL) and washed with HCl
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 -



2H) ppm 13C NWR 16.0, 19.9, 25.5, 32.9, 39.3, 120.2, 128.5, 128.9, 129.5,
133.7, 149.5 ppm 20 Exanple 9 Preparation of

3,3 -Di -swo-0bu#3gB3 5, 5' ,6,6' -tetramet hyl - 2, 2' -bi phenol Teca/usot/sm3oon of
2-sec-butyl -4, 5-di net hyl phenol (1.3 g, 7.3 mmol) in 10 nL of

di chl or onet hane was added copper 25 chl orohydroxi de- TMEDA conpl ex (10 ng).
The solution was _stirred for _3 hr_at anbient terrgerature while air was

bubbl ed t®bugh: 2¥hed caf af y&tHE 1058y ehcty WAs ed a8° 1(Manff D hour s
after reagtpon(staghed. 3 The E)EXté‘I'ifv‘, wass 7 did utegh Wi hosli ¢hl oggyret hane (50
m.) and washed;y th HCL 30 (0.5N) and water.’ The sol ution was then
concentr aped- t o C iNR B r2skdlre. hhith.- 9wes ¥ur@he?lpri2Zed, b31.4 &

chr omat ogr.aphy fford, 3,3 :sec- yl-5 5,6, 6

Lot r atet h%?:g', 2§§b£?‘ph%énb?'(€2.1215§’9,P%§§°/§’. Jli?l\fﬂb%%ﬁ‘rnl%sl%’ W 03/ 045883
PCT/ USO02/8dm06 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 NW\R 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, 151.2 ppm fgxa4pie 1€ Preparation of

3,3 ,6,6"-tetranethyl -5,5"-di sec- - 2,2 -bi phenol To a solution of
4- sec- but yl PRepadahionydHhdndl , 6 36 9- et eamehbyl -5 nS4-diseé-duthl or onet hane
was a_[%ded copper chl or ohydr oxi dez‘,Ti"'E-%&Pe Alex (40 nmg). The sol ution was

To a solution of 4-sec-butyl-2,5-dimethylphenocl (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 Dbubbled through. The catalyst (40 mg each) was 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 hexanes to

afford 3,3’,6,6'-tetramethyl-5,5’-di-sec-butyl-2,2'-

biphenol (2.1 g, 54 %). 1H 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
(m, 2H), 4.68 (2s, 2H), 7.10 (s, 2H) ppm. 13C NMR 11.9 &
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, 145.0

ppm.
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stirred for 3 hr at anmbient tenperature while air was 15 bubbl ed through.
The catal yst (40 ng each) was added at 1 and 2 hours after reaction
started. Wbhae3nusssure was diluted with dichloronethane (4@crysoasmosvashed
with HC1 (0.5 N) and water. The solution was then concentrated to give a
resi due which was further purified by 20 chromat ography and reprecipitated
fromcool hexanes to afford 3,3 ,6,6'-tetranethyl-5,5"-di-sec-butyl-2,2'-
bi phenol (2.1 g, 54 %9. 1HNWR 0.87 (m 6H), 1.25 (d, J = 7 Hz, 6H), 1.65
(m 4H), 1.91 (m 6H), 2.30 (s, 6fkamg18111(m 2H), 4.68 (2s, 2H), 7.10 (s,
2H) ppm 13C NWMR 11.9 & 25 12.0, . .97 & 15.03 & 15.09, 15.7, 21.0
& 21.1, 30Pzn9pargbi af38 %, 3 gtrasse y 2 §l3, 128.0,
132.51 & 132.55 & 132.59 & 132.64, 137 490 ppm - 17 WD 03/045883
PCT/ US02/ 37306 Exanple 11 Pr epal‘%{—%ﬁﬁb—%@

3,3 ,5,5" -tet redsHpsopyt i &n 66f d2 N2t dyl soprap Yl - bihdeiwl phdon b Ug i on of
2, 4-diisopropyl -5-net hyl phenol (50.0.g,.0.26 nol) in 50 nL of

di chl or orfét h‘gn%s viB_l hddbd eopperot ccﬁﬁ%lﬂcfhw%&%%e TREDAR LD €PRSE 0 g) .
The sol ut} ' i t r . whi air was 10
bubbl ed t%}?%%g . dl'éek%%%l?%%val(go%% ed?évT\np? ﬁg)}-ltlej(ﬂiéogér\%ﬁ@%% dé%fract ed

wi t h hexasesrrdhefextt&ichs aeramippementenpedatioe gilvela assivhe whi ch was

o BGAH o Bleo R oTalRg BB, 1 SRR 8 APART (2.5 S

and extracted 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'-
tetraisopropyl-6,6'-dimethyl-2,2'-biphenol. *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 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 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 chlorohydroxide-TMEDA
complex (20 mg).‘ 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 (0.5N) 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 -



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 NWMR 17.1, 24.5 & 24.6, 25.5 & 25.7, 29.6, 31.4, 122.5,
125.1, 13w0b3/04:343 2, 141.1, 150.6 ppm 20 Exanple 12 PreparatSonsr3os

3,3 -di-isopropyl-5,5"-dicycl ohexyl -6, 61- dinmethyl-2,2"-bi phenol To a
solution of 4-cycl ohexyl -2-isopropyl-5 nethyl phenol (1.8 g, 7.8 mmol) in 10
mL of 25 dichl oronmet hane was added copper. _chl or ohydr oxi de- TMEDA conpl ex

(20 ng). The sOIREFBALwak: AtiFredFor FHMRAt!-2AhbidntItenpeiature while
air was_ bybh ed; t sy ough. ;N 1 096 atyStakPO Uy eagh) ¥es) addegsais 1 and 2
hours after reaction started. The mxture was diluted wth 30

di chl or on€han2. §850(mi )2Ehd a@hellswi 61) HCL.29. dgprandd waf ez, The sol ution

was t hen centrated t iV esi whi chi further purified by

chr ongt og?gghygtég g?f 0 PB,g'f%i E%SO%#ngIPS, 5?\%?”3‘3(:{[%%@% 6%‘6' - di et hyl
- 18 WO 93/ 9458834 POI7 US022 B7S0634 20 2% -4 phenod . £ 1. Do gs, 5898 .8 1H NVR 1. 24
(d, J =7 Hz, 122, 1.27 (m 2H), 1.39 (m 8H), 1.78 (m 10H), 1.85 (s,
6H), 2.681¢¥mM22HI32232913%;36H48308PMhept, J = 7 Hz, 5 2H), 4.60 (s, 2H),
7.12 (s, 2H) ppm 13C NMR 15.1, 22.5, 22.7, 26.4, 27.3, 27.5, 34.0 & 34.3,
40.3, 120.6, 123.8, 131.9, 132.3, 138.3, 148.6 ppm Exanple 13 10
Preparation of 3,3 ,6,6'-tetranet Byampl8' 18i - cycl ohexyl - 2, 2' - bi phenol

10 Preparation of 3,3’,6,6’-tetramethyl-5,5’-di-cyclohexyl-
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 concentrated and
dried to give a residue (20 g, which contained 90% of the
product, 4-cyclohexyl-2,5-dimethylphenocl). The residue was

20 recrystallized from cool hexanes to afford 3,3’,6,6'-
tetramethyl-5,5’-di-cyclohexyl-2,2’-biphenol (6.5 g, 31 %
yield) . 1y NMR (cpCl3z): 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),
4.60 (s, 2H), 7.13 (s, 2H) ppm. 13C NMR (CDCl3): 15.2,

25 16.1, 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-2,2’-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 -



A m xture of 2,5-dinethyl-4-cycl ohexyl phenol (21 g, 0.10 nol), copper

chl or ohydr oxi de- TMEDA conplex (2.1 g), and nethylene chloride (80 nL) was
stirred avoneomsdd tenperature for 6 hours while air was paiohiSezi3t3i ough
the mxture. The m xture was washed with HC1 (0.5 N) and extracted with
hexanes. The extracts were concentrated and dried to give a residue (20 g,
whi ch cont aj hed QOCV%é)f t he _product

4- | oh | -2, 5-di t hyl enol ). The
e e e B e SRy orat £ 16T oo Tae) MIERSFEves Beabed tosroalae.
t et r anet hybr 53 55 - K- - G¥&L PhEXY oder, - PTREEGADLt i fe Swlls %u:%dﬂﬁicg)- 1H NWVR
(CDC13): 1.32 (m 4H), 1.42 (m 8H), 1.75- 1.90 (m 8H), 1.93 (s, 6H), 2.28

(s, 6H), wayer(pgn@Hihe Lapersswepg|sepanated, JH)e ppryganic NuReY CDCL3):
15,2, 525 d8elyelhed 2l Taq0% Zoadth tos 00:000 420 dor 124 Bued 8.5, 1326

138. 3, 14 ppm r eparation

3, 3" -di - i sogrepihmndsdl £ &t S, , GovicenBhated aAndtdypu?i 2iedi PphefiDdsh

3,4, 5-Trinet hyl phenol (5g, 37mol) was dissolyed in 30 nl carbon

t et rachl of? ‘ém‘&n‘alé?o’ﬂ?é?%ﬁ%ﬁhymtﬁ%lc?ﬁ S@br e A1 BAdEHE R cAh Rt rifl at e

(09 9) andet£0p/RBkhnes) 190 YO,03% YSPBRECIUH24 37396 et hanesul f onat e
(6.1g). The m xture was heated to reflux for 3.5 hr under nitrogen. The
m xture wesipethetbhenol (46%kr, ait NMRe (CR@En3 :wefe3depaHated. 4TAZ organic

| 2Ven R VBRS¢ RSl PR BLEBBOTS . OfLgd gyer ;gnestun
silica geliggel&rj my. wot1B% e hyl.35 (6H, d, J=12Hz).
2-Isopropyl-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)Cl-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 (CDCls): 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 -



acet at e/ hexanes) to give 3 g 2-isopropyl-3,4,5- trinethylphenol (46% . 1H
NMR (CDC13) : 6.33 (1H, s) , 4.47 10 (1H,s), 3.36 (1H, quintet, J=12Hz),
2.25 (3Hwey3nssd8 (1H, s), 2.10 (1H, s), 1.35 (6H, d, JeCZRAY2/37306
2-1sopropyl -3,4,5-trinmethyl phenol (6g, 34mmol) was dissolved in 10 nL

met hyl ene chloride, and 0.4g Cu(OH) d - TMEDA was added. The m xture was
stirred under anbl ent . 15 air for three hours. Another_0.4 g Cu(OH)Cl- TMEDA
was then YadedSLAareRev 1R xEtR et WpF ritedl £ B0 atfof Tk - t%%%erh%ﬁs To the
dark reachb@psm Kﬁé’r@owflﬁgdﬁgaét@i’/éxlf‘@las sohpk ¢ £fr: 1 Iy | QYRpBe Ve ©

separ at ed, and' the or ganic ~layer was concentrated, dried over magnesi um
sul fate, and Plethixtess dues wesl beeordt o@@@m@namgrmhge@@vm. ng with
5% et her/ hexanes, 10 ord 3.1 g £5 f 5 Pr duct as _a tesjld 1H NMR
(e - CRE R RPe 30 i de Sor *6dY, 51 P AR RS0 BTG P20 LY 05 (s,
3H), 1.76tésramdéfhyl 12 26’ (bllplﬁéhoﬂ 74-z)unré’5ct£e<c&irmdneorﬂérPr@mr@%| on of

3,3 -diisopropyl-5,5,6,6"-tetranethyl- 2,2'-biphenol A 2-liter resin
kettle eqd YBE%%“V\Hh mechani cal stirrer, dip tube for delivering air,
condenser, and 30 receiver was plaggd ig ff oil bath and charged with 610 g
4- et hylthyrml (99% pure by gas c phy). Cud (3.05 g) and

N, N, N , N -t Breparahiont df| Bnblirdithebufyl43 g3’ -dir scpnoppdi- 6 aiti-t he

m xtyre was heated to 100C. . A rtl- ff_(_)a y@_§3/£§5§§3 PCT/ US02/ 37306 was
delivered via dip tube at 15 - -

A 500-mL resin kettle equipped with mechanical

stirrer, dip tube for delivering air, condenser, and
receiver was placed in an o0il 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) were
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-6,6’dimethyl-2,2’-

25 biEhenol

A 22-Liter resin kettle equipped with mechanical

stirrer, dip tube for delivering air, condenser, receiver,
and electric heating mantle was charged with 7.2 kg 4-
isopropylthymol (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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hours, the coupling reaction was substantially conplete, and the m xture
was col |l ected. Gas chromat ography showed 5 the m xture to consist of 90%
3, 3" -dii swproepydssH, 5',6,6' - tetramethyl -2, 2" -bi phenol, 4%PomnsansBo
nmonomer, and 6% byproducts. Exanple 16 Preparation of

5,5'-di-t-butyl-3,3 -di-isopropyl-6,6"- 10 dinethyl-2,2"-biphenol A 500-nL
resin kettle equi pped with_nechanical stirrer, djip tube for _delivering air,
condenser £oangelteckioRr m%%sp?]%%‘aa?%gﬁ‘?@@(la%%}}ﬁsh%dSIE%‘&‘?ﬁeﬁhWth 4-t-
butylthyn}ahxﬁgged)@gr@ogylg@soghﬁ@gaﬁ ogr a¢)hy) e & i §dpPOpdP-9) and

N, N, N, N -tetranet hyl et hyl enedi am ne (2.35 g) were II%arged and the

m xture waséhéanethyd-200C biphenad, Qielmlvm@@tham@lmq’Jntubeam PHY cc/ min.
After 4 h Urs. the m xture was col |l ected. Gas chronat ography anal ysis
showeds %p lflure to consist of 78%5,5" -di-t-butyl-3,3 -di 20

i sopr opyI 6, 6' -di net hyl -2, 2' - bi phenol, 11% unreacted nononer, and 12%
byproducts. Exanple 17 Preparati on of

3,3 ,5,5 -tetrai sopropyl -6,6" dimethyl-2,2'- 25 bi phenol A 22-Liter resin
kettl e equi pped with mechanical stirrer, dip tube for delivering air,
condenser, receiver, and electric heating mantle was charged with 7.2 kg
4- isopropylthyml (90% pure by gas chromatography). Cul 30 (36.5 g) and
N, N, N, N -tetranet hyl et hyl enedi am ne (85.5 g) were charged, and the

m xture was heated to 100C. Air was delivered via dip tube at 5 L/ mn.
After 11 hours,
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the aeration was stopped, and m xture was allowed to cool - 21 WD

03/ 045883 PCT/ US02/ 37306 for collection. Gas chromat ography anal ysis
showed t WO opfox883 e t o consist of 74% 3,3',5,5' -tetrai sopPapyise2/37306

6, 6' di met hyl - 2, 2' - bi phenol, 8% unreacted nononer, and 18% 5 byproducts. 22
WO 03/ 045883 PCT/ US02/ 37306 WHAT IS CLAIMED: 1. A process for making a
conpound of the formula 5 R OHHORL RZ Rz R3 Ra Ra R3 conprising:

oxi datively coupling a conpound of the formula OHRL H Rz Ra R3 10 in

the presegggrofsaciRh@en! ar oxygen-containing gas and a copper-containing
catal yst,~sard copper-contai ning catalyst produced by a process conprising

contactiny.-a &opperesal foe vakingia hcampoungddt thenfoemebapound, 15
wherein RL is O to C6 prinmary, secondary or cyclo alkyl; R2is H Cl to

C6 pritmary, secondary, tertiary or
OH o

comprising:

oxidatively coupling a compound of the formula

OM

R R*

R3

10
in the presence of a molecular oxygen-containing gas and a
copper-containing catalyst, said copper-containing
catalyst produced by a process comprising contacting a
copper halide salt with an organic diamine compound,
15 wherein
Rl is Cl1 to Cé6 primary, secondary or cyclo alkyl;
R2 is H, Cl to C6 primary, secondary, tertiary or
cyclo alkyl;
" R3 is C1 to C6 primary, secondary, tertiary or cyclo
20 alkyl; and
R4 is H, Cl to Cé6 primary, secondary or cyclo alkyl,
provided that R2 and R4 are not both H.

2. The process of claim 1 wherein the copper halide salt

25 is CuCl, CuBr, Cul, or CuCl2.
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cyclo alkyl; R3is Cl to C6 primary, secondary, tertiary or cyclo 20
alkyl; and R4 is H Cl to C6 primary, secondary or cyclo alkyl, provided
that R2 awo oB44:@8E not both H 2. The process of claim1l woernson3he copper
halide salt 25 is Cud, CuBr, Cul, or Cud 2. - 23 WO 03/045883

PCT/ US02/ 37306 3. The process of claim2 wherein the organic diam ne
conpound is N N,N,N -tetraethyl ethylene diamne, 5

N,N,N',N'-tetraethyl 1, 3-propanedi am ne, N,N,N ,N - tetraethyl net hane

diam ne ,3N, N e ré@%é@ngkhaiaimGZ @ﬁgfgfg'@ﬁéngr anic diamine

N, N, N, N'-tetranet pr opanedi am ne, di pi perldlnonethane

N NN, N cq?tepcplam@ths'llﬁtMyNEnlé’ diapiraethpletthylenazdbinyneo- (2, 2, 2) - oct ane.

10 4. Th £ of claim 3.V ein and re, each nethyl or
et hyl > eNpﬁﬁ%n%iun‘aeto%a?% }m?hél%roﬁ%ﬁ?fi?ﬂlﬂ% i YARN R R4 RE R3
wherei n: Rtiset®yyeth@bdydiamife opyl, NON’ | SOPt OPyamet BPLRZ, 6s H or
methyl; R3 is nethyl, ethyl, n- propyl |soprop¥I or t-butyl; and R4 is
net hyl ; hexanediamine, N,N,N’ -tétramethyl 3-propanediamine,
dipiperidinomethane, N,N,N’,N’'-tetramethylethylene diamine

or 1,4-diazabicyclo-(2,2,2)-octane.

10
4. The process of claim 3 wherein R2, R3, and R4 are
each methyl or ethyl.
5. A compound of the formula
15
R! OH Ho R
R R RrR* R3
wherein:

R' is methyl, ethyl, n-propyl, or isopropyl;

20 R? is H or methyl;
R® is methyl, ethyl, n-propyl, isopropyl, or t-butyl; and
R*! is methyl;
provided that if R' is isopropyl and R? is hydrogen, R? is
other than methyl.

25

6. A compound of claim 5 wherein

R' is methyl or isopropyl;

R? is H or methyl;

R?® is methyl, isopropyl, or t-butyl; and
30 R* is methyl.
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provided that if RL is isopropyl and R2 is hydrogen, R3 is other than
methyl. 25 6. A conpound of claim5 wherein Rl is nethyl or isopropyl; R2
is Hor meohlghyssgB is nmethyl, isopropyl, or t-butyl; and p8O/URd/sBocet hyl .
- 24 WD 03/045883 PCT/ US02/ 37306 7. A conmpound of claim6 wherein R' is
isopropyl; 5 R2is H R3 is isopropyl; and R4 is nethyl. - 25

7. A compound of claim 6 wherein
R! is isopropyl;

5 R? is H;
R® is isopropyl; and

R* is methyl.
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