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3,3 ,6,6" - TETRAALKYL-5,5' - DI HALO- 2, 2' - BI PHENCLS FI ELD OF THE | NVENTI ON
This in %Mﬂgmlelates to a process for preparing 10

3,3, 6, ettaal kyl -2, 2' -bi phenol's and 3,3',6,6' - t RGNS,
5'-di hal 0-2, 2' - blphenols BACKGROUND OF THE INVENTICN Substituted

bi phenol s such as 3,3,6,6" 15 tet | kyl -2, 2" -bi phenol ; 3,31, 4, 41,
5,5',6,6" - octaal kyl -2, 2' - bi phenols+—= 31, 5, 51, 6, 6' - hexaal kyl -
2,2' - bi phenol SERGTEYS, HoR' pnmnxnﬁﬁbkylaz &, siﬂwﬁmﬂmatkyﬁ 2,27-

{.7'8.8 -0cC blnaphth

aIkyI 5.5 t ahydr

3,3 -dial ky|3€”?“°6"56”9 2% eé/ ocFﬁ'i'i K¥L 5, 55 0DERARR 1RSI~ and

3,3 6,6 -tetral kyl-5,5" - dlhalo ZbeHEﬂaﬂ@henol are conpounds that can be
used to make phosphorus-based catal yst |igands. Such ligands include
phosphi nes, phosphinites, phosphonites, and phosphites. Mno(phosphorous)
Ilgands are conpounds 25 thaprgphted Tue ShbEkfrdposphorus atom which serves
as a donor to a transition neraf**whﬁ%e—zrs#gﬁnsphorus) i gands, in .
general , contai ﬁhlmrpdmphornelajmmrtoaaopsoc@m fioppipeaphayider m cyclic
chel at g st Lugt UL € t ion,metal s |, biphenols can be
made b;ot he gxl%a?sl veetrggl%% ¥i n% 28f ﬁgﬂjﬁe 425 % 'gffen ot her types of

products, sechaquMeEnBesdlhafofﬁuzm be@heAdls Or overaII yi el ds are poor
for other reasons. Phenols can be oxidatively coupled to nmake the

BACKGROUND OF THE INVENTION

Substituted biphenols such as 3,3’,6,6'-

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

20 binaphthol and 3,3’6,6'-tetralkyl-5,5’-dihalo-2,2’-
biphenol are compounds that can be used to make

- phosphorus-based catalyst ligands. Such ligands
include phosphines, phosphinites, phosphonites, and

' phosphitesr Mbno(phosphprous) ligands are compounds

25 that contain a single phosphorus atom which serves as a

~donor to a transition metal, while bis(phosphorus)
ligands, in general, contain two phosphorus donor atoms
- and typically form cyclic chelate structures with
transition metals.

30 In general, biphenols can be made bylthe oxidative
coupling of (mono)phencls, but often other types of
products, such aslketones, are obtained, and/or overall
yields are poor for other reasons. |

Phenols can be oxidatively coupled to make the

35 corresponding biphénpls by the use of a varieﬁy of




35 correspondi ng bi phenols by the use of a variety of - 1 45Qui¥ry008006 WO
03/ 045884 PCTI US02/ 35781 oxi di zi ng agents, such as nitric acid, ferric ;
chloride, potassiumferricyanide, chromc acid, 2,3-dichloro-5,6-
di cyano &@9{@%&3 one and di-t-butyl peroxide. 2,2" 5
Di hydr oxXy= 3, 3°ti - i sopropyl - 6, 6' - di net hyl bi phenyl cafCTHB%Ear ed from
2-i sopropyl -5-net hyl -phenol with 2,3- dichloro-5, 6-di cyanobenzoqui none or
di -t-butyl peroxide. See Tetrahedron, 1875, 1971 and J. Chem Soc.,
Perki n Tr arsxidiking8dgert383 susangs ofi dhie 108i8Xi fant s amdbeigso-cat al ysts
involve the use of relatively expensive and/or explosive (peroxides)
conmpounds, RATREAIIBSE 1N CHAPAARager IHC REige %c%‘r‘glc@@i’?ﬁe%‘i'al use.

Phenol s caniidlys@ohénRchidonkebid CQUR eReY3 i Pardxide. CoMpipation of a
transition netal catal yst and an oxidizing agent such as persulfate anion
or oxygén. Didwarers:3.FHt-€¥tdsepoamyb 0 6 Adiset iyihiphen3? #@2; 4, 354, 048;

and 4, 108, x Jggr]tgnﬂ_ 1 £ 4456 .and.J, O g. Chem

1983, 48, %gr@?ﬁ%@%ﬁ}e ‘223‘%3% S gi gg?%’é%%eenoésglgﬁ %k%/_gen as an

© oxidizing ddgbhored3 6 dhicyensbenpprriroorpbexds- adwuratial ysts  (copper _

. .chromte; c cacetate-wWith, sodium c cetate; copper acetate with
- pent asodi u?r)%%iggg‘%% enet r iTgﬁFﬁ%%cgﬁré{cetlgﬁ é: aﬁ%ﬁ@rﬂ‘gg 'agg‘i"gt e wth

1, 3- di am n@o2- hyPerkxiypITepase- [Bf rscKt n1e83aci shme Bret@ganpl es in the patents

di sclo & t he .yse of , 6-di substjtuted phenol or 2,4-di-tert-butyl phenol.

The usi of EOPPRYS ANHETcEPaFYRYSHR LRVEkRdheadiseaRloxi di zi ng agent, has

been descrirg@dtivelopRAPehkPe and/or explosive (peroxides)

compounds, which pose disadvantages for large.scale

commercial use.

Phenols can also be oxidatively coupled using a
15 combination of a transition metal catalyst and an
oxidizing agent such as.persulfate anion or oxygen.
See U.S. Patents 6,077,979; 4,139,544; 4,132,722;
4,354,048; and 4,108,908. See also J. Org. Chem. 1984,
49, 4456 and J. Qrg. Chem. 1983, 48, 4948. The cited
20 patents disclose the use of oxygen as an oxidizing
agent with various copper complexes as catalysts
{copper chromite; copper acetate with sodium
mercaptoacetate; copper acetate with
pentasodium/diethylenetriaminepentacetate; copper
25 acetate with 1,3-diémino—z—hydroxfpropane—tetracetic
acid). The examples in the patents disclose the use of
2,6-disubstituted phenol or 2,4-di-tert-butylphenol.
The use of copper amine catalysts, with oxygen as
an oxidizing agent, has been described in connection
30 with the okidative 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,
14456 and J. Org. Chem. 1983, 48, 4948. -



30 with the oxidative coupling of 2,4-di-tert-butylphenol, 1g9may 2006

2-met hyl -4-tert-butyl phenol, 2-chlor-4-tert-butyl phenol and

4-tert-butyl phenol. See J. Org. Chem 1984, 49, 4456 and J. O g. Chem
1983, 4%% ézﬁgf - 2 10 May 2006 WD 03/045884 PCT/ US02/ 35781 There is a
continuimMy®ié&d in the art for nethods for making wiBGT/EE¥ERL vi el ds
substituted biphenols suitable for maki ng phosphorous-based catal yst

|l i gands. 5 SUMVARY OF THE INVENTION In its first aspect, the present
invention is a TRePEEES o ebnBBkhiy heeRAUBHe Ofrl R QEEdbas | 10 wherein
R is Cl to C10 primary or secondary al kyl or cycloalkyl, R2is Cl to C10
primary or SSZcBAGARY vtk degent 161 @&%ﬁ?FFu biphenplsg | Br, or |,
conpri si ng:guitdbl i il i (o] the formula 20
T R B e A e e 0P ™% Tormul a 11
10 May 2006 WD 03/ 045884 PCT/ US02/ 35781 5

SUMMARY OF THE INVENTION

In its first aspect, the present invention is a

process for making a compound of the formula I

10 I

wherein

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

cycloalkyl,

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

X is H, C1, Br, or I,

comprising:

(1) when X is Cl1

_ {a) chlorinating a compound of the formula
20 I1

II
at the 4-position thereof to produce a

compound of the formula III




10 15 20 25 wherein Xis O, (b) oxidatively coupling the qenpguseof the

formula I'll wherein x is O to produce a conpound of the formila | wherein
xis d; (2) when Xis H (a) chlorinating a conpound of the formula 11 at
the 4-positjon thereof to produce a conpound of the fornmula Il wherein X
is d, ?@é&é‘%sﬁ%ti vel y coupling the compound of the BG@USAR | wherein X

is Cl to produce a conpound of the fornula | wherein Xis d, and (c)
dechl orinating the conpound of the formula | wherein X is O to produce a
conpound of the formula |l wherein Xis H or (3) when Xis Br or | (a)

chlorinating a conpound tof the fornula 11 at the 4-position thereof to
produce a conpound af e formula Il wherein X is O, (b) oxidatively
coupling the conpound he formula IIl wherein X is O to produce a
conpound of the fornul R,erein xisd, - 4

X 111

-wherein X is (1,
{b} oxidatively coupling the compound of thé
5 formula III wherein X is Cl to produce a
compound of the formula I wherein X is
- Cl; l
(2) when X is H
(a) chlorinating a compound of the formula
10 - II at the 4-position thereof to produce
a compound of the formula III wherein X
is C1,
(b} oxidativély coupling‘thelcompound of the
formula III wherein X is Cl to produce a
15 '  '_ : compound of the formula I wherein X is
Cl, and ‘
(c) dechlorinating the compound of the
formula I wherein X is Cl to produce a
compourd pf the formula I wherein X is
270 H; or
(3) when X is Br or I ‘
(a) chlorinating a compound of the formula
II at the 4-position thereof to produce
a compound of the formula III wherein X
25 _ is Cl1, _ |
(b) oxidatively coupling the compound of the
fo;mula III wherein X is Cl to produce a
compound of the formula I wherein X is
1,




WO 03/045884 10 May 2006 PCT/11S02/35781 (c) dechlorinati ng, jm¢ -86spound
of the fornmula | wherein Xis C to produce a conpound of the fornula I
wherein Xis H, and (d) substituting Br or I, respectively, for H at the
5 and 5! (g(%z)i ions of the conpound of the formula | wherein Xis H 10 In
its secon g{%‘bt, the present invention is a procef B2 ng a
conpound of the formula IV XH O wherein 15 Rl is Cl to Cl10 primary or
secondary al kyl or cycloalkyl, R4 is ClL to CLO primary or secondary al kyl

or cycloalkyl, and (¢)i sabkh@riRiting cthe eOnSQURY b8i e (1) when X is H
(a) alkylating a conpound of the formula V x~-0 V 25 at the 4-position
thereof to produce a conp8tH¢dII feredpndl & \§1 tosproduemya 2006 WO

03/ 045884 PCTI.US02/ 35781compound of the foxrmula I wherein X is
5 H, and _
{d) substituting Br or I, respectively, for
H at the 5 and 5’ positions of the
compound of the formula I wherein X is
H.
10 In its second aspect, the present inventién is a

process for making a compound of the formula IV

wherein
15 R' is C; to Cye primary or secondary alkyl or
cycloalkyl,
R* is €, to Cy primary or secondary alkyl or
cycleoalkyl, and
X is H, Cl1, Br, or I
20 comprising:
(1} when X is H .
(a) alkylating a compound of the formula v

\0
6
‘ oy
v
25 - .at the 4-position thereof to prbduce a

compound of the formula VI




P VI wherein RBis ¢4 to C20 tertiary alkyl, 5 (b) OXIdatbqﬁ%Q/db%up|lng
the conmpound of the forrmula VI to produce a conpound of the ormula VII
10 R* VIl (c) dealkylating a conmpound of the formula VIl to produce a
compoung. of t formula 1V wherein Xis H or (2) when X is Br, or |
15 (a) ‘%9@§F§hg a conpound of the fornula V 20 25 JFTFﬁ@mﬁ“%OS|tlon
thereof to produce a conpound of the fornmula VI, (b) oxidatively coupling
t he conpound of the fornmula VI to produce a conmpound of the formula VII,
(c) deal kylating a co und of the formula VII to produce a compound of
the formula |V wherein® is H, and (d) substituting O, Br, or I,
respectively, for H.at f{he 5 and 5 positions of the conpound of the
formula IV wherein X i 10 May 2006 WD 03/045884 PCTI US02/35781 In its

third aspect, the pres 'Qvention is a

VI
wherein R® is C; to Cy tertiary alkyl,

(b} oxidatively coupling the compound of the

formula VI to produce a compound of the

formula VII

10
(c) dealkylating a compound of the formula
VII to produce a compound of the formula
IV wherein X is H; or
(2) when X is Cl1, Br, or I
15 (a) alkylating a compound of the formula V
at the 4-position thereof to produce a
compound of the formula VI,
~ (b) oxidatively coupling the compound of the
formula VI to produce a compound of the
20 L ' formula VII,
| {c) dealkylating a compound of the formula
| VII to produce a compound of the formula
IV wherein X is H, and
(d) substituting C1, Br, or I, respectively,
25 - _ for H at the S and 5’ positions of the
' compound of the formula IV wherein X is

H.




process for making a conpound of the fornmula | Ho \o 5 | Wéﬁg@oﬁ is Cl
to C10 primary or secondary alkyl or cycloalkyl, R2is Cl to primry
or secondary al kyl or 10 cycloalkyl, and X is H, conprising: (a)
oxidatively coupling a conpound of the formula Il 15 x IIl wherein X is
a, to PY® G’é@s‘g conpound of the formila | wherein XGIASE¥3578nd 20 (b)
dechl orinating the conpound of the fornmula | wherein Xis C to produce a
conmpound of the formula | wherein X is H 25 In another aspect the present
invention. IS arpCoaPOoLHk I d r i sting of - 7 10 May
2006 WO 03/ 045884 PCT%%%Z?%SS g%eé%ﬂé)?ﬂggg?gt ?ﬁ%ﬁ% %EZQ bi phenol, and
3,3 -di -i sAFEEFE- Bo%' makimsnay rompoundiofhshel fosmDETAI LED DESCRI PTI ON OF
THE | NVENTI ON The firstuaspect of the present invention provides a process
for preparing 3,3 ,6,6' -petraal kyl -2} -

wherein

R' is C; to Cy, primary or secondary alkyllor
cycloalkyl,

R? is C; to Cyo primary or secondary alkyl or

10 cycloalkyl, and

X is H,
comprising: _
(a) oxidatively coupling a compound of the
formula IIT
15
\
b
At
"
X
I1I
 wherein X is Cl, to produce a compound of the
formula I wherein X is Cl, and
20 ._ .(b) dechlorinating the compound of the
formula I wherein X is Cl to produce a
compound of the formula I wherein X is
H.
25 In another aspect the present invention is a

compound selected from the group consisting of




bi phenol, conprising (1) substituting chlorine for hydroggg I\ﬁ’éyid?% 4-
position of 2,5-dial kyl phenol, (2) 10 oxidatively coupling the resulting
2, 5-di al kyl -4- chl oro-phenol, and (3) renoving chlorine fromthe resulting
conmpound. The second step is carried out by analogy with the nethods of
Sartori WOHPOLE8 (Tetrahedron, 1992, 48, 9483), but uPCAFSWE™ee 15 phenol
rather than its dichloroalum nate derivative. The three steps of the
process are shown below. HIOC C CI R C C C wherein R is Cl to Cl10
primary or 356e0Bdar yr Aldaweral1 - 20 <HBPRLKY! jad)d R2 is Cl to CI10 prinmary
or secondary al kyl or cycloalkyl. - 8 10 May 2006 WO 03/ 045884
PCT/ US02/ 35781 -t eieqnrapyRt 6 af - dswamnplyl -8t Aytbighencdpyl , i sopropyl,
n-butyl, sec-butyl, cyclohexyl, and cyclopentyl. Preferred R2 are nethyl
and ethyl. The 5 al kyl groups at the 2- and 5-postions nmay be the same or
differeht. In the fRERNTIEDcDESERIBRION OFcTHE XNVENTION al kyl phenol can be
reacted with a ,glrl]l Ofiirns%t iars1 ~agent ,th[esuch as, chl orine or su]éuryl chl ori de,
1

preferably in 1 T he preSehce o o PEESRRY o BT 108 BT V%t9%uch as

‘a process for preparing 3,3',6,6'-tetraalkyl-2,2’'-

biphenol, comprising (1) substituting chlorine for
hydrogen at the 4- position of 2,5-dialkylphenol, (2}

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

15 phenol rather than its dichloroaluminate derivative.

The three steps of the process are shown below.

H, H
o o)

wherein R' is C, to Cp primary or secondary alkyl or
20 cycloalkyl; and R® is ¢, to Cyo primary or.secondary

alkyl or cycloalkyl.




al um num chl oride or a diaryl sulfide such as di phenyl sul foi%%%a

m xture thereof. See Watson, J. Org. Chem, 1985, 50, 214g. e reaction
may be conducted neat (without a solvent) or in a nmediumsuch as 15

di chl or onet hane, chl orobenzene, or other inert solvent at a tenperature
bet wveenWABHMURH 60C, preferably at about 25 C. The PEABSIXHTEIS typical ly
performed at or about atnospheric pressure for ease of operation. In the
second step of the process, the resulting 20 2,5-dialkyl-4-chlorophenol
can be oxidativ &9% d 0. di th rres ing dinmeric chl orophenol s
(5,5 - dichl oro%;xg , 6, 6§- taer{er 2%??@?' 2, %abi %hgggoﬁ)'ﬂ The preferred nethod
for oxi dat iseproppli myhotylhesectihurnilnatedl phendl,s and by the use of an

iron(l11l) referably ferric chloride, iLn uitaple polar,
aprotic sol%ygt%%)péﬁt ‘as 5??%?’6‘?‘%%%’%&“ an???o%ﬂ?ﬂanegp‘ﬁr ef erably

ni tronethardkgl Geomer atuthe betawers-pSsanen$0Gy peetBeabie about 35C. The
product. is isgl.g&}ed t% dilution with water and 30 filtration. In the third
step of th& pPdtE8E ™ echl orination of

5,5" -dichloro- 318" tKe Firket seah ko +the?prBbobeNq $,5can be acconplished by
hydr ogenol yti ¢ reduction to provide tﬁe required 3,3',6,6' -tetraal kyl -2,2'
-9 10 MaRisdbelRisned/ ganske 1RIugtoA SR 7B ICHigsHaAbiBg ARAtLeduction S
carri-ed oulgykR n ﬂqm,ro pressures

bet ween 1 aﬁg 5%52?}1%1‘3%%‘2? ée;jnld te%pggg?g?%e'bg{r\%gg%gg%yﬁand 80C, and a

f or mat 0salthe Bredenpse o6di ubhe it mmlé, of amdcRamigwtr puohckel or pal | adi um

catalyst sUgfnfASum chloride or a diaryl sulfide such as diphenyl

sulfide or a mixture thereof. See Watson, J. Org.
Chem., 1985, 50, 2145. The reaction may be conducted
neat (without a solvent) or in a medium such as
-15 = dichloromethane, chlorobenzene, or other inert solvent
at a temperature between -30 and 60°C, preferably at
about 25 °C. The reaction is typically performed at or
about atmospheric pressure for ease of operation.
In the second step of the process, the resulting
20" 2,5-dialkyl-4-chlorophenol can be oxidatively coupled
to give the corresponding dimeric chlorophenols (5,5'-
dichloro-3,3',6,6'-tetraalkyl-2,2’-biphenocl). The
preferred method for oxidative coupling of the
chlorinated phenolsris by the use of an iron(III) salt,
25 preferably ferric chloride, in a suitable polar,
aprotic solvent such as dichloromethane or
~nitromethane, preferably nitromethane at temperature
between 0°C and 60°C, preferably about 35°C. The
product is isolated by dilution with water and
30° filtration.
In the third step of the process, dechlorination
of 5,5'-dichloro-3,3,6,6' -tetraalkyl-2,2’ -biphenols
‘can be accomplished by hydrogenolytic reduction to

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

- 9 -




pal | adi um hydroxi de on carbon. If a palladiumcatalyst is , e
reaction-is generally carried out in a protic solvent sucﬁuz}gaq(rggpﬁanol
containing 1.0 to 4.0 10 equivalents of an amine such as triethylanmne to
absorb _the drogen chloride produced in the reaction. The second aspect
of the p¥ %@@ﬁ%/ 84 nvention provides a process for pred&AG¥2 & onmpound of
the formula IV, conprising (1) substituting a tertiary 15 al kyl group for
hydrogen at the 4-position of 2,5- dialkylphenol, (2) oxidatively

COUPI g, t BRphERYL4 | Nerne2rSadhaldsylralchettadl bl sphegal . and (3) remving

t he tertlary al kyl group fromthe resulting conpoun The three steps of
t he proces®rapenehcwin Hydrogen Hj@s R pdefeRabRY &0 pveys2086 WO 03/ 045884

PCTI US02/ 35;%;@%\{2 ieln?l gé 5§mgg¥§a(}eg gngr{:em ra%uggﬁ)%ogdarrygl kyl or

cycl oal kyl Iy or Secortaary cl oal kyl ; and
R3is C& tena2eoicsr anérqlfcairdegtle sBltp sineh faisr sbdsﬁtepfdﬁmaitlée process, a 2,5-

di al kyl pheno an he re tert-al hal | in the presence of a
Lewi s Acid catﬁ?nes"f n§‘ﬁ ﬁ a‘?’az‘i"ihlrt1 %cll"ff“o?:f‘l t E(meiitl ﬁﬁm chloride, to give a

2, 5-di al kypanlacnfma -lﬁrldk'yskp&[l@r&i .caAibosl. nat £ Vielpal 1bReur, Satlidldey! -4 10
tert-al kyl Ehenol can be ared from cont acting 2,5- dialkyl phenol with

2, 2-di al kyF&t H§FEndhenre ‘ét R dshgenesrlly eanirdedaparyst @ An exanpl e of the

al ternati Verotic solvent such as methanol, containing 1.0 to 4.0
10 equivalents of an amine such as triethylamine to absorb
the hydrogen chloride produced in the reaction.

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

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

three steps of the process are shown below.

20

- 10 -




nethod is the incorporation of a tert-butyl group into theKﬁMa$@ﬁﬁdn on of
2, 5-di al kyl phenol by reacting 2,5 15 di al kyl phenol with isobutylene in the
presence of sulfuric acid. In the second step of the process,
2,5-dialkyl-4- tert-al kyl phenol can be oxidatively coupled using a copper
di am ne"\i‘g&?’éﬂ“%‘l and oxygen as the oxidizing 20 agerRCTUSBSSEHpper di am ne
catal yst can be prepared using the procedure described in the Tetrahedron
Letters, 1994, 35, 7983. A copper halide, such as CuCl, CuBr, Cul, or

CuCl2, is aggd a t and water and
the dianine |§géﬁgﬁdlglgdggﬁco %Qh%ﬁgﬁe ad%gg?on %pgﬂgn1n air is
spar ged ttﬂY@&ghlkWe: M'xiar@ wot ﬁmvpgmm@ng &t |sert:|ongar§ﬂ“aalk1,dat al yst is

filtered. #:H:%@ik at |n¥1$£3 §e3| eélergga]t_g%%e ﬁnt rating the

filtrate an ter the dl yst can al so be
preparel in si tImbiyhe:cﬁmmt Ebep tdie tﬂmppabchaéj dale A 5d ]E he diham' nedi n the
sol vent for,,t ction Sui.t abl e solvents for. the oxidative
‘coupling oft FEFyﬁﬁHQthgg §§t¥?ﬂﬁ§§§ Hﬁ@ﬁo?s Lot s hyahtf%nl ori de and -
11 10 May i200he 24345 884a ml@swla5zgﬂawﬁmtshﬁh59é VS such as

xyl ene, benzene and tol uene. npl e of di am nes include, but are not
I |>/m t ed to ﬁ?ﬁb d¢ 1 RAUAGRUR ‘I‘@Pll?rllqut EPr GEYh\A et fyRéabkyal T ne, 5

NN, N, a:e&eaﬁmm}an%wrom@qia%%e@y,'\m% éﬂdla&ﬁﬁ apt hyl met hane
di am ne N, N, N, N -tetranet hyl -1, 6- hexanedi am n

N NN 18 - tert aderhphenol. cap d}tmmpamdefrm mqm:lacdnn@nia.t?rrane N,N, N, N -

- dialkylphenol with 2,2-dialkylethylene in the presence
of an acid catalyst. An example of the alternative
‘method is the incorporation of a tert-butyl group into
the 4- position of 2,5-dialkylphenol by reacting 2,5-

15 dialkylphencl w1th isobutylene in the presence of
sulfuric acid.

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

20 agent.

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

25 as methanol, and waﬁer and the diamine is slowly added.
After the addition of the diamine, air is sparged
. through the mixture with vigorous stirring. The
catalyst is filtered. Additional catalyst can be
obtained by concentrating the filtrate and filtering
30 . the desired catalyst. The catalyst can also be
‘prepared in situ by contacting the copper halide and
the diamine in the solvent for the coupling reaction.
Suitable solvents for the oxidative coupling of tri and

tetrasubstituted phenols are methylene chloride and

- 11 -




|

t et ranet hyl et hyl ene di am ne and 1, 4- dlazablcyclo 10 (2, 2, 2), ﬁﬁﬂﬁm
Preferrably, the diamne is N, N, N' N - tetranethylethylene 8|a In the
third step of the process, the 3, 3' 6, 6' -

tetraal kyl -5,51-di-tert-al kyl -2, 2 blphenol can be deal kyl ated by

cont act |‘¥fbofﬁ"l458ﬁﬁt h a strongly acidic 15 catal yst, sSudCTABOAIHHI kyl - or
arylsulfonic acid, sulfuric acid, phosphoric acid, alum numchloride, or
the I'i ke, optionally in the presence of a solvent such as tol uene,

chi or obenzeieeapibr QURINANE uth X¥1EASne | YOhEBh Yo cLEMIRGL AL Ures bet ween

10 and 150C. 20 The oxi dative coupli'ng can be carried out neat (wthout a
sol vent) oExagphg ohedimimsise inéleday dwit margeobflimideEdytoxi di zabl e

sol vent s i ngludiigo, dheh! o QTR Ngne..shlorobepzone,. tolyene, xyi enes.

ni tronet hane, paralt et'c’ Stati LG5 ygen can be
used asSoxiNd¥aNS,¥Nh- témramth@&%&y}»pnnpmmedlgmlﬂhﬁ:NJN,md Hspect of the

present I n entlo ovi.des rocess for making a ¢ ound of the formul a
30 | - % E)é‘&p{%%dééﬁb‘h%s 2N 18 TE rw‘?é?@ AlXis d, to

pr oduce a meusmﬁuaﬂa@iné hey, of, 1Y Pl e rehieesin-Xis A, and (b) -

dechl orinating the conpound of the formula | wherein Xis O to produce a

conpound oPTPRENFOI IS | GHREPEY Iiigomethane, N,N,N’, N’-

tetramethylethylene diamine and 1,4- -diazabicyclo-

10 (2,2,2)-octane. Preferrably, the diamine is N,N,N’,N‘-
tetramethylethylene diamine.

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

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

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

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

The third aspect of the present invention provides

a process for making a compound of the formula I

30 ' S
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H 20 In the first step of the process, the resulting 10 May 2006
2, 5-di al kyl - 4-chl orophenol can be oxidatively coupled to give Yﬁe
correspondi ng di neric chl orophenols (5,5 -

dichloro-3,3" ,6,6"-tetraal kyl -2,2"'-bi phenol). The preferred nethod for

oxi dat i W& B#¢¥F4 ng of the 25 chlorinated phenols is BRETUSBZIII of an
iron(l1l) salt, preferably ferric chloride, in a suitable polar, aprotic
sol vent such as dichl oronmethane or nitronethane, preferably nitromnethane
at tenperatpeeei;Ret ween 0C and 60C, preferably about 35C. The

PCT/ US02/ 35781 wherein Rl is Cl to ClO primary or secondary al kyl or
cycloal kyl RREiG 2 €0 ptOngry mar geoondacoreddyy akkyl or cycloal kyl, and
X is H, nggkééi%gﬁy (a) oxidatively coupling a conpound of the formula
[l - 13 y 6 WD 03/045884 PCTI US02/ 35781 product is isolated by
di | uti oB wRfhisvdhetoa®d pfimdmaiirosectbnddie 8&kyondrstep of the process,
dechlorina%iog @{ f 5,5 -dichloro-3,3 ,6,6"-tetraal kyl -2, 2" -bi phenols can
be acconpligﬁ 9 yY y genol ytic reduction to provide the required

3,3 ,6,6" -xetiga@) kyl -2, 2! - bi phenols. The reduction is carried out in the

‘presence of hydrogen gas, preferably at pressures :
P : com_r{sfkg: d P Y P

(a) oxidatively coupling a compound of the

10 formula III

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

between 0°C and 60°C, preferably about 35°C. The -
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10 between 1 and 50 atnospheres and tenperature between 5 434 g and a
formate salt, such as sodiumformate, and Raney(r) nickel or palladi um
catal'yst such as palladi um hydroxide on carbon. If a palladium catalyst

I s used he reaction is generally carried out in a 15 protic solvent such
as nethaﬁb 04¥8htaining 1.0 to 4.0 equival ents of afCAHESMBS&®Ich as
trlethylanlne to absorb the hydrogen chloride produced in the reaction. in
the first, second and third aspects of the present invention, a

3,3,6,6' -tp_ﬂ:tdd&@i:kﬁlé @&at@d%wm%&:?or?m@hpbsf@f be hal ogenated at

t he para positions of 3,3 6"-tetraal kyl -2, 2' - bi phenol , as shomn below H
HH Ob OfHérer#ioms is Cl to Cl10 primary or secondary aIkyI or

X Ts00 b or 1 SRR PR e, RRRR ladiulerepabaGH Tl 08 o, an

Xis O, Br or i. Addition o tetr blphenols
can be éccdﬁbﬁh§hEQRQEAQﬂma§LB0m60$ {nétnanlaylsmaZ%Hﬂmphenbwent Typi cal

-sol vents f LS olarl sol t.s ch as chl orof orm
di chl or onet an%gn&g&%ﬁanﬁfrac &peno 5rfﬁ)u4% Onlgowhy 2006 WO
03/ 045884 EﬁTWUG@ZtBﬁZﬁimdmedIBLme 6,161 -semeasHigEls, 2, @queous brom ne can be

used. The fer g{ocesEPls one, carried_ out in a low polarity solvent.

This reacti &ﬁ’ 88?1 FERFPPShieP &S Sarfded: s0@ theef erably at room

t enpear atumesih@emmﬁtdgenhgsél PreiRi-aBus esk Birddarpsocesses  of the
present inyention can be used as reactants to nake %hosphorous cont ai ni ng
| |gand% th tgﬁ@ﬁugeﬁqﬂ Spoatmospheres and temperature between 5°

and 80°C, and a formate salt, such as sodium formate,
and Raney® nickel or palladium catalyst such as
palladium hydroxide on carbon. If a palladium catalyst
is used, the reaction is generally carried out in a
15 protic solvent such as methanol, containing 1.0 to 4.0
.equivalents of an amine. such as triethylamine to absorb
the hydrogen chloride produced in the reaction.
_ In the first, second and third aspects of the
present invention, a 3,3’,6,6'-tetraalkyl-5,5’-dihalo-
20 2,2’'-biphencl may be halogenated at the para positions
of 3,3’,6,6"-tetraalkyl-2,2’-biphenol, as shown below,

- wherein R is C; to €y, primary or secondary alkyl or
25 cycloalkyl; R? is C; to Cy primary or secondary alkyl

or cycloalkyl; and X is C1, Br or I.

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

30 low polarity solvents such as chloroform, _

dichloromethane, carbon tetrachloride, and carbon

- 14 -




make catal ysts that, in turn, are useful in both 10 hydrocygpalispsand
hydr of ornyl ation reactions. Bidentate phosphite |ligands are particularly
useful. Bidentate phosphite |igands can be prepared as described in U S
Patent 5,235,113 by contacting phosphorochloridites with the biphenol
corrpounﬁ%o‘??ﬁ’élsés“ 15 by the processes of the present i A¢&ABI2378IMbre recent
U. S. Patents 6,031,120 and 6, 069, 267, incorporated herein by reference,
describe selective synthesis of bidentate phosphite ligands in which a
phosphor ockiighi di &, | IrPEBRA 88sddl- Sidudolib M ANARPRARUBe 20sdd i chl ori de and
a phenol such as o-cresol and then treated in the sane reaction vessel

wi th an ar d@gt Peefenngd paogeee ihonsi ¢enrae@ @Hosphiat dovi gand. The

bi phenol s , r i nv ' u I Ut ‘ romatic diol.
25 The conpgg&%ggtgh&%gﬁ;%;: e p?fg%g%c?a‘@:3°?‘ hgglér%%ggcgggngﬁé?ﬁ%?ea%pr esent

i nventi bn caf’®&qsPiRemaderabilyt ftenroars ¢émpsarasacteant s t o make
phosphor ous- cont.ai ni n | i,gands .t hat are_usefyl to nmake catal ysts that, in
turn, are useful g Pﬁnﬁgd‘?%%%ﬁgﬁ Bﬁogﬂ$%;h¥ %dpﬁ?'ﬁﬁﬁﬁ‘?‘ation

reacti ons. ofhehe qyaeeends iradet Hn tdae peoased e deabhanps asent. i nvention,
in which X iE Hhcan be used to, make ,golgrreric | i gands_by a process which
conpri ses: MakgsPhOPIQYOUSHERNYRS 0 A4 gan ?’@HQSS@EPSB'?%%“%/BO reacting the
conpounds meHEe EytdIRetRr PRESS e Furnt NEror@sanf1 iiAVERELKRON, in which X is H,
wi th a_conpound containing at |east two benzyl chloride groups, in the 5
present® o Ygrﬁ@oar@ta@pdaegtlay%f,oratﬁacayggn EREEIiNGS -

Bidentate phosphite ligands are particularly useful.

Bidentate phosphite ligands can be prepared as

described in U.S. Patent 5,235,113 by contacting
- phosphorochloridites with the biphenol compounds made
15 by the processes of the present invention. More recent
U.S. Patents 6,031,120 and 6,069,267, incorporated
- herein by reference, describe -selective -synthesis of -
bidentate phosphite ligands in which a
. phosphorochloridite is prepared in-situ from phosphorus
20 . trichloride and a phenol such as o-cresol and then
~ treated in the same reaction vessel with an aromatic
: diol to give the bidentate phosphite ligand. The
‘biphenols of the present. invention éie substituted for
the aromatic diol.
25 .. The compounds which are produced by the processes
of the present invention can be polymerized and then
+used as reactants to make phosphorous-containing
ligands that are useful to make catalysts that, in
turn, ‘are useful in both hydrocyanation and
30" hydroformylation reactions.
The compounds made by the processes of the present
invention, in which X is H, can be used to make'j

.polymeric ligands by a process which comprises:-

- 15 -



the product of step (1) with at | east one phosphorochlori qiotma)pﬁﬁgound I n
the presence of an organic base. Preferably the Lewis acid catalyst is
zinc chloride or alum num chloride, and the organic 10 base is a

trial kyl am he conpounds made by the processes of the present
inventigﬁﬁ%%ﬁsﬁi ch Xis d, Br, or |, can be used toPCngﬁﬁﬁl ymeric

| i gands by a process which conprises: 15 20 25 (1) protecting the OH groups
by substituting a |ower alkyl protecting group for Hon the OH groups to

nmake a prot ot edeaeiPRy Nthe codpohh@athdde HhetrRe obeSdLkLoppound with a
conmpound cont ai ni % at | east two boronic groups in the presence of a G oup

VITT  trandils SFefentl invandipsy | ingyhidpadeny: tWetpraotcepppued gr oup of the

product frehesli@pngZae idddch b 00eRy 120801 64} ab 63640 e pLoduct of step
- (3) with at Ieastngne phosphor ochl or%di te co?rpgﬁfn‘%lélﬂ %Eeuq%r esence of an

or gani ¢ *hag¥espreeepfild yLewilfeacidupatdlyistt r andi {2)on mestcalings pal | adi um
ni ckel or GeRPeL--and:t r.gani S rial kyl am ne conpound in which
t he al kyl grou s gt 1 S?gg’cgayb?gﬁgﬁgdlgﬁsét?%‘? ght chai n al kyl group.
More 30 pr efespbbyochiomidjaei cobpsend sint thet hyéssnde ofTen particularly

i Gande ar SLOHRLF BoagGr BabEnBer Y i PR eer oA IRt b nched i Ll es
to linear minei beSorSke orf aluakai®|dhloride, and the organic
10 base is a trialkylamine.

The compounds made by the processes of the present
invention, in which X is Cl, Br, or I, can be used to
make polymeric ligands by a process which comprises:

(1) protecting the OH groups by substituting a

15 0 - - lower‘alkyl protecting group for H on the OH
groups to make a protected compound,

(2)  treating the protected compound with a

compound containing at least two boronic
" groups in the presence of a Group VIII
20 - transition metal catalyst,

(3) replacing the protecting group of the product

from step (2) with hydrogen, and

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

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

‘Preferably, the Group VIII transition metal is
palladium, nickel or copper and the organic base is a
trialkylamine: compound in which the alkyl group is a C;
‘to Cy2 branched or straight chain alkyl group. More

30 preferably‘the organic base is triethylamine.

Two particularly important industrial catalytic
reactions using phosphorus-containing ligands are |

~olefin hydrocyanation and isomerization of branched

nitriles to linear nitriles. See, for example,

- 16 -




 'EXAMPLES

- 16 10 May 2006 WO 03/045884 PCT/US02/35781 U.S. Patents 1pmpdZodifd and
5,512,696, and International Patent Application W9514659. Phdosphite
| igands are particularly useful for both reactions. The 5 hydrocyanati on

of unactivated and activated ethylenically unsaturated conpounds (ol efins)
using WAKYHEEbSN metal conpl exes with nonodent at e af§TUSPHBANat e phosphite

| igands is well known. Bidentate phosphinite and phosphonite |igands are
useful as part 10 of a catal yst system for the hydrocyanation of

ethyl eni cak.y upsala@isd190BpOUNS 5 Brdeabal e G%%g?h&tl&%i gands are

al so useful as part of a catalyst systemfof t rocyanati on of
aromatic &Pﬁ?ﬂtc%@ﬁiﬂﬂﬂﬁ§0n180$@¢ﬂﬁﬁ3M'w?hasphmtesimganﬂhearendustr|aIIy

ful t S ro hosphorus- containin
useful pr oaeesch il Ml PSr ARl tr%al BiSnd ! g IR ! g

| i gands. use hosp I'ne T gands n i phosphi nes, is known
for thi8 phydoseyaridtdonueé umamtmvﬂQ¢§tandadetivarﬁﬁphosphite ligands is al so

20 known. h catal sts_usuyual | ontain G au metal. See for
exanpl e, égﬁyﬁb? 2354 3E?g HQPPP@%I&%I 1H§ fﬁ?l%%npounds that can

be nade bizrahezmcasamapr ocmSERSe Ak th, RonSddicdtet haget hyl -

2,2' - bi phepol.and i -i,sopropyl-6,6"-dinentyl-2,2"- 25 bi henol .
g gﬁée’f‘Bﬁ*‘}%\Bfw&PHbEe ﬁlré)%% 1§x%[ﬁ=b]r e%m?"‘lq us?%%?%t%th?ep% present

invention. phbkpRaiite aﬂﬂﬁﬁ@é%ﬂlﬁiﬁteamggaﬂéécﬂg APEuAr £s Phyei ght, unl ess
ot herw se 1 ndi cat ed.
10 of a catalyst system for the hydrocyanation of '
.ethylenlcally unsaturated compounds. Bidentate
-phosphinite ligands are also useful as part of a
catalyst system for the hydrocyanation of aromatic
vinyl compounds.
15 Hydroformylation is another industrially useful
process that utilizes catalysts made from phosphorus-
containing ligands. The use of phosphine ligands,
including diphosphines, is known for this purpose. The
use of catalysts made from phosphite ligands is also
“. 20 .known. Such catalysts usually contain a Group VIII
- metal. See for example, U.8. Patent 5,235,113.
Two particularly useful compounds that can be made
- by the present processes are 3,3’,6,6'-tetramethyl-
-2,2'—biphenolsand 3,3’ -di-isopropyl-6,6’ -dimentyl-2,2"' -
25 biphenol. |

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

-percentages are by weight, unless otherwise indicated.
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WO 03/045884 PCT/ US02/ 35751 Exanple 1 Process in accordancs \Migﬁdolge first
aspect of the invention for preparing 3,3 ,6,6' -tetranethyl

bi phenol First step of the process: Preparat|on of 4-Chl oro-2,5- xylenol

To a sol utls%n of 100 g (0.82 nol) of 2,5-xylenol and 0.9 of di phenyl
sul fi de Y 1L of 10 di chl oronet hane was added a ?8%’!59723578& 106 g (0.79
nol ) of sulfuryl chloride in 100 nL of dichloronmethane, naintaining the
tenmperature at 5-15 C. The mixture was stirred for an additional hour and

t hen poured onto 400 g of ice-watfkpieoRtaining 5 g of sodium bisulfite. 15
The | ayers were separ at ed and t%‘ﬁg‘gﬁm c_phase was washed with water,
dried (MySO4 Proges peordance With, the peckicofs ghieds were slurried

with a mni mig, t ial.t @r da o] ;led to give 121
LD o T T EBUD et g%é?rﬁ% 34818 tgﬁz}%%gh og, 4l S &

and 1H RIVR analy5|s 'H—NNR (CDQMOQ 18 (s, 3H), 2.27 (s 3H) 4.61 (s,
1H),  6.635(5.¥ 1o, ;¢ . J. _ Chem 1973,

‘26, 775): mp S —25—Secont St ep-ot the esS—P on of 5 5'-

di chl oro- Bgﬂgﬁgﬂ_G tetrarret hyI 2, 2' bi phenol . To a machanl cally-stirred

. t f 71. 4-chl 5- xyl | d_120 nL of
m ;(rg:rgt ﬁane V\Eg %\(Fc?j‘al%éﬁngo%ol.%jg 9rrgp) 8%19'"%? fgygggoq%f%q; chl ori ge 30 in

portions owmd abwuj o0 dipHekES SMIf1de00hi figh tnd, W& Ntain the tenperature
below 35 C... The m xture was stirred for an additional 3 hours and then 300

mL of 17 cedhBhtPrIHANGi Hee SidAd G sedneion oft a86HEL (el

‘mol) of sulfuryl chloride in 100 mL of dichloromethane,
maintaining the temperature at 5-15 °C. The mixture
was stirred for an additional hour and then poured onto
400 g of ice-water containing 5 g of sodium bisulfite.

15 The layers were separated, and the organic phase was
washed with water, dried (MgS0Q,), and concentrated to
dryness. The crude solids were slurried with a minimum
amount of hexanes, filtered, and suction-dried to give
121 g (94%) of product, homogeneous by Thin Layer

20 Chromatography (TLC), GC, and 'H-NMR analysis. H-NMR
(CDC13) & 2.18 (s, 3H), 2.27 (s, 3H), 4.61 (s, 1H},
6.63 (s, 1H), 7.07 (=, 1H). Lit (Blackstock, Aust. J.
Chem. 1973, 26, 775): mp 74-75°C. |

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

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

To a mechanically-stirred mixture of 71.4 g (0.458
mol) of 4-chloro-2,5-xylenol and 120 mL of nitromethane
-wag added 94 g {0.59 mol) of anhydrous ferric chloride
. 30 .in portions over about 20 minutes with cooling to
maintain the temperature below 35 °C. The mixture was
stirred for an additional 3 hours and then 300 ml of
ice water containing 50 mL of concentrated HCl'wés

added, followed by 300 mi, of hexanes. The mixture was
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added, followed by 300 nL of hexanes. The m xture was - 18 ﬁpN%?% 8806 WO
03/ 045884 PCTI US02/ 35781 filtered, and the solids were washed w R wat er
and hexanes and dried in vacuo to give 51.0 g of product. The organic
phase was separated fromthe filtrate, 5 washed with water, and

concent lwa‘?@@,gssﬁﬁe residue was then slurried in hexaf€3/UgMB578l tered to
give another 11 g of product. The total yield was thus 62 g (87% of a
tan solid (nmp 148-155 C). Additional purification to renove traces of iron
hel ps faci liifizbeed 1 OakdIa HeliRsegE Nheree kg ey faC hiidhahkon. Purification
coul d be acconplished by dissolving in ethyl acetate, washing this

sol uti on wilteF2a68cRE BB dRevWralR f& giwer Shetd cfagrddduésodi um sal t

- ( EDTA- 2Na, TArz Lan ' i ), [ sA), 15
((:oncentrat i%? Qﬁﬁﬁ%ﬁ%ﬁﬁ”ﬁ%&%@?g% ?%lr?ecdlfé%lftr\%fglt ggm(at'vgri al) with np
ia;lc. T'h_ﬁ ymsele@om;h &ateds fnd cBMEnt2apsa( st;hcsél-i)??siguégyés, 1H), 7.25 (s,
: ir ro . _Preparation : -
“tetranet hylt?l%?gs?%%mgdngln: %gggaegaanrﬁefly;eﬁﬁcgi?? é’dw,?, BRQFRE or o- 3,3,6, 6'-

 tetranet hyl112g2bf hiyptendl. ( The Ot@rald§idlanwhs thass edi gsoswed in 100 L of

et hanol containjng 1Q . of t and 20 of triethylamne. This
sol ution wid aa#éﬁlgusq%&r&ll.(ﬁpgl%\%?g%gght 'ts‘)’nﬁﬁ- noi st 20% 25 Pd(OH) 2/ C
(Pear | man' pugafdtatsion aodrbyeveganaieedodt iBbh HSiE Faki2idipwr s at anbi ent

tenperature, The product was jsolatedby filtration of catalyst,
concentPat FHR, SUbFRBENG rEAUGEIYhdechdPriRat IPTE ORErifkaMiiv with wat er,

- and conceniehald ok tRcpneshed bydidesbiving in ethyl acetate,
washing this solution with agueous ethylenediamine-
tetraacetic acid disodium salt (EDTA-2Na, EDTA =
‘ethylenediaminetetraacetic acid), drying (MgSo,),

15 concentration and washing with hexanes to afford off-
white material with mp 164°C. H-NMR (CDCls) & 1.98 (s,
3H), 2.25 (s, 3H), 4.60 (s, 1H), 7.25 (s, 1H).

Third step of the process: Preparation of 3,37,6, 6'-

tetramethyl-2,2‘-biphenol:

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

25 PA(OH)./C (Pearlman;s catalyst} and hydrogenated at 50
psig for 2 hours at ambient temperature. The product
was isolated by filtration of catalyst, concentration,
‘dissolution of the residue in EtOAc, washing with
water, and concentration to dryness to give 11.0 g

30 (94%) of product, mp 110-113°C. 'H-NMR (CDC1l;) & 1.95
(s, 3H), 2.25 (s, 3H), 4.71 (s, 1H), 6.81 (d, 1H, J-=
7.5 Hz), 7.10 (d, 1H, J = 7.5 Hz). |
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30 (949 of product, np 110-113C. 'H NWMR (CDC13) 8 1.95 (sm@;-)i) .25 (s
3H), 4.71 (s, 1H), 6.81 (d, 1H,.J 7.5 Hz), 7.10 (d, 1H, J = 52

10 May 2006 WO 03/ 045884 PCT/ US02/ 35781 The second and third steps of the
foregoin exanple also illustrate the third aspect of the invention. 5
Exanpl e“%"fgf%%’ggs in accordance with the third aspectPCIUSBHE78L nvention for
preparing 3,3 -di-isopropyl-6,6"- dinethyl-2,2"-biphenol 10 First step of

t he process: Preparation of 5,5 - dichloro-3, 31- diisopropyl ,

6' - di met hyl - 2, 2rndiLhen@l ang AN =tbpk! 68 {Hé(tflbg% 8ipg6. 0 g (0.195 mol ) of
chl or ot hynol and 50 nL of nitronethane was cool e ?o 5° C and 40 g (0.25
mol ) of anByarRle FlEa iidluptvaticddhrathitd askkat ofeth20 minutes. The

- mxture wag,glk | to warmto anbient tenperature and held an additional
hour. I ce-water 00 nL) was added all at once, and the m xture was
concent¥ated at reduced pressure to renove about 100 nlL of the

ni't romet hane- wat er azeotrope. T@% 20.s0)ids were filtered and
recrystallized from agueous iseﬁﬁggéﬁeé.to give 23.3 g of a first crop and
3.9 g of a Peceedscimpaiordahtdsyith Mthikﬁ%e(@GIB):h& 1.24 (two d,
6H, J =7 Hz), 1:.98 (s, 3H), 3.26 (septet, 1H ~J =7 FHz), 4.63 (s, 1H), -
7.30 (s, 1H) . SEre £ i isopropyl -6 &5 opyl 6 6' -

di et hyl - 2, 2 - bi phenol : Tmiﬁegupﬁii,tyt_mphbﬁggnol was prepared simlarly

10 First step of the process: Preparation of 5,5-

~dichloro-3,3’-diisopropyl-6, 6’-dimethyl-2,2’-biphenol:

A well-stirred mixture of 36.0 g (0.195 mol) of
chlorothymol and 50 mL of nitromethane was cooled to §
°C and 40 g (0.25 mol) of anhydrous ferric chloride was

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

20 'solids were filtered and recrystallized from agueous -

isopropanol to give:23.3 g of a fixst crop and 3.5 g of
© a second crop of solids, mp 98°C. 'H-NMR (CDCl,) & 1.24
{two d, 6H, J = 7 Hz}), 1.98 (s, 3H), 3.26 (septet, 1H,
J =7 Hz), 4.63 (s, 1H), 7.30 (s, 1H).

25 Second step of the process: 3,3’-di-isopropyl,6,6'-
© dimethyl-2,2’-biphenol:

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

30 instead of 5,5'-dichloro-3,3’,6, 6’'-tetramethyl-2,2’-
. biphenol, mp 89-92°C. 'H-NMR (CDCl;) & 1.25 (4, &H),
1.95 (s, 3H), 3.28 (septet, 1H), 4.76 (s, 1H), 6.88 (d,
iH, J = 7.5 Hz), 7.18 (d, 1H, J = 7.5 Hz). |
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to the third step of Exanple 1 except 5,5 -dichloro- 3,3 -dhi dg gyl -
6' -di net hyl -2, 2' - bi phenol was used 30 instead of 5,5'- dlchloro 3,
6'-tetranmethyl-2,2'- biphenol, np 89-92C. 'H NWR (CDC13) S 1.25 (d, 6H)
1.95 (s i? 3 28 (septet, 1H), 4.76 (s, 1H), 6.88 % 1H J = 7.5 Hz),
7.18 (dWOMYMSBEL 7 £ ) L 20 10 May 2006 WO 03/ 04BEEASEEIEUS02/ 35781
Exanpl e 3 Process in accordance with the second aspect of the 5 invention
for preparing 3,3 ,6,6" -tetranethyl-2,2'- biphenol First step of the
process: Preparation of 4-t-butyl- 2,5-xylenol Preparation of

4-t-Butyl -2, 5-xylenol: 2,5-Xylenol 10 (90 g, 0.73 nol) was nelted at 80 C,
1 nL of concentrated sulfurlc dyﬁﬂmﬂgg_added and the m xture was heated
at 90 C whilgrgggp‘ ) over 4 hours. The
reacti on appe » : reacti on nmass
was di | bt ed mvmbvactrerfoarng_raput@med vaﬁthté{a}m,hyanzl I0e starting

xyl enol was renoved by steamdi | ation. Since the steamdistillation
-did not conpletely renove the s material, the residue was

di ssol ved 'Farbet st@xafeshesppedaind pkepar20i dh @ mqueoysetyhase, and cool ed
~in an ice-bath. The precipitated product was frltered and washed with cold
hexanes t 02gP¥ (499 of 4-t-Butyl-2,5-xylenol lit.(Stevens, Ind.
Eng. Chem 19439réi)'§‘§;,atlfghcofR§yt ButRSty El R 19605 680 70-72C.
THONVR (CDCL3) o8t ol R puedi 2, Exylfﬁi)bl 2. gés(s nd® 4 es (s,
1 (90"g, 0.73 mol) was melted at 80 °c, 1 mL of

concentrated sulfuric acid was added, and the mixture
was heated at 90 °C while isobutylene gas was
introduced subsurface over 4 hours. The reaction
appeared to stall at about 80% conversion. The
15 reaction mass was diluted with water énd neutralized
with NaHCO;, and some starting xylenol was removed by
steam-distillation. Since the steam-distillation did
not completely remove the starting material, the
residue was dissolved in hot hexanes, separated from
20 the aqueous phase, and cooled in an ice-bath. The
precipitated product was filtered and washed with cold
hexanes to give 64 g (49%) of 4-t-Butyl-2,5-xylenol ;
“lit. (Stevens, Ind. Eng. Chem. 1943, 655; Parc, Rev.
Inst. Fr. Pet. 1960, 680) mp 70-72°C. *H-NMR {(CDCl;}
25 & 1.37, (s, 9H), 2.20 (s, 3H), 2.43 (s, 3H), 4.85 (s,
1H), 6.53 (s, 1H), 7.08 (s, 1H).
Second step of the process: Preparation of 5,5’-Bis(t-
butyl)-3,3’,6,6'-tetramethyl-2,2’ -biphenol
To a sblution of 18.6 g (0.104 mol) of 4-t-butyl-

.30 2,5-xylenol in 20 mL of dichloromethane was added 0.6 g
{3 mmol) of copper chlorohydroxide-TMEDA complex (TMEDA
= tetramethylethylenediamine). The dark purple mixtufe

‘was stirred under ambient air overnight. Gas

..chromatography (GC) analysis showed only 25%
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IH), 6.53 (s, iH, 7.08 (s, 1H). Second step of the processm,\}fgmation of
505 -Bis(t- butyl)-3,3 ,6,6'-tetranethyl-2,2"-bi henol To a solution of
18.6 g (0.104 nol) of 4-t-butyl- 30 2, 5- xernoI in 20 nmLof dichl oromet hane
was added. 0. 6 (3 mol ) of copper chI or ohydr oxi de- TMEDA conpl ex (TMEDA =
t et r aneRPEIA enedi ami ne). The dark purpl e ni xtur e PCRAS0IST8r ed under
anbi ent air overnight. Gas chromatography (GC) anal ysis showed only 25% -
21 © 10 May 2006 WO 03/045884 PCT/US02/ 35781 conversion, so the nixture was
di | uted w rclanvgfgm@rogaett@ansm@ufeeq,aeh/%@&ae ngit%oncentrat ed to  dryness.
To the crude residue was added exane and 1.2 g (6 mol ) of
t he above ééﬁbé@romﬁﬁhﬁﬂﬁhydréﬁﬁd@#ﬂﬁ%ﬂyﬁmduQﬂquntrahddthm m xture was
stirred un at e r o day (85% conversi on) .
The pur pl egggjpg%léon T\/\d/;rs%colna%len%%r at eghg @'a%r{l/%ée%is%% Wg‘ ?ﬁe resi due was
chr omat 6gr&phédh@ca1160 agid Lea ge(s tmmogl)veflﬂhé agao(vé's%appérpure 5,5 -Bis(t-
butyl)-3, 3 tra enoI 103-105C. 'H-NMR (CDC13) S
1.42, (s, F\? g% E&‘M '3?1’0"‘i ‘if‘r%&‘lﬁ“rikb’ase 51 (s, 1H),
. 7.24 (s, llsl):lrré'dllurdie&t eproattmlwn@ceaapeﬂﬁw Foh-0Bhpée a3k 6, 6' 15
tetranet hyl - 2, 2 henol: Tog a 50 nL fl ask were added 0.5 g of 5,5 -Bis(t-
butyl)-3, 38 %‘6"%@? hy| The Purplengpbrtion masprongentratedind 0. 05 g of
p- t.0l Uenesubf @hj e d.ndTbﬁe ﬂ%l@ﬁ%ew%scﬁ%rﬁﬁ@af)ﬁéda&?m 2 hours. The
m xture 20 was cool ed and water added. The m xture was extracted wth
hexane%0 t AelHry il tragére wed- @sHEA Wi ¢h Rwenees, 5° ~-Bis(t-

butyl)-3,3’,6,6'-tetramethyl-2,2’-biphencl , mp
103-105°C. 'H-NMR (CDCl:) 8§ 1.42, (s, 9H), 2.06 (s, 3H),
2.25 (s, 3H), 4.54 (s, 1H), 6.51 (s, 1H), 7.24 (s, 1H}.
Third step of the process: Preparation of 3,37,6,6'-

15 tetramethyl-2,2’-biphenol:

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

20 was cooled and water added. The mixture was extracted
with hexanes; the organic layer was washed with water
-and dried over MgS0O,. After removing the solvent, the

residue was recrystallized from petroleum ether.

25 Example 4

Process in accordance with the second aspect of the

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

isopropyl, 6,6’ -dimethyl-2, 2/ -biphenol

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

30 Butylthymol:

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

isobutylene was introduced over about 2 hours. The
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and dried over MgSO4. After renoving the solvent, the rESiﬁHﬁ V\%?O
recrystallized frompetroleumether. 25 Exanple 4 Process i L (?ance

with the second aspect of the invention for preparing

55 -Di-t-butyl-3,3 -di- isopropyl, 6,6 -dinmethyl-2,2"-bi phenol First step
of the b‘f‘b@@é{ss“ Preparation of 4-t- 30 Butylthynol: WETEBE5IY. 20 nol ) of
thynmol, heated at 60 C under n|trogen was added 1 g of concentrated

sul furic acid. After heating to 90 C, a slow stream of isobutyl ene was

i ntroduced,Qy 0 bat My, 206 WO 03/ 045884
PCT/USOZ/3578§E%g£3#%%§e§t§Fl%d1§§E%ﬁﬁéfn%ggoconvg$§|on so an additional
charge of @dﬂﬁ-mm@ala@hdrmwécm&flmmt akéd vamctddemd wad tbait ored by

~ GCanal ysi PRL.OX _80W conver.si.qn was achi eved. The

" reaction %eHQEié 3“% %08 £ f FTYEL crgde resi due was
recrystall lapprlokxmdigxaneao%m@msaangwaé acﬁrﬂevl&ld[t yl trheyrml np 68-69C,
lit (United States Pat ent é 880, 77?? gg §é%: %H—NNR CDC13) 6 1.25
(d, 6H, J PGREC¥OHas Y°§§e (& Syin SxzEple 1 e1874dRpt et 1H), 4.49
(s, 1H), 63:5&%&1& SVJalé) rleﬂrgt&Bllzjé@ frORCREfELR PR Procass:
Preparation of 5,5

butyl -3, 3' #dF= ‘é'iiﬁfté‘W‘Plﬁ BP -&f TR Ry | 13t 2 (Upipedndiates Patantol ution of 20

g (0.104 | 3o 0f I f «dichlLor ane was added 1.0
g (5 m‘rnlng2 é 7'f'5 er @h %r%ﬁydr OX|b§4R5$I€7EB%\qC(§W%I gilz‘( "I’{] g’edark purpl e
- m Xt ureowas almmmed .B6,st&r emiderz.4aanpseninipi 13 .1er (hhpe&:,days (50%

onver si on The
¢ Oy TP 4o (s, 1H), 6.51 (s, 1H), 7.18 (s, 1H).

. Second step of the process: Preparation of 5,5’-Di-t-

butyl-3,3’-di-isopropyl,6,6'-dimethyl-2,2' -biphenol :

15 To a solution of 20 g {0.104 mol) of 4-t-
“butylthymol in 50 mL of dichloromethane was added 1.0 g
{5 mmol) of copper chlorohydroxide-TMEDA complex and
the dark purple mixture was allowed to stir under
ambient air for three days (50% conversion). The
20 mixture was diluted with hexanes, washed with aqueous
EDTA solution, dried {MgSQ;) and concentrated to
dryness. The residue was chromatographed on silica gel
to give 3.6 g (34% based on conversion) of pure dimer
5,5'—Di-t-butyl—B,3f-di-isopropy1,6,6'—dimethyl-2,2'-
25 biphenol, mp 105-108 °C.  H-NMR (CDCls) & 1.26 (d, 6€H)
1.43, (s, 9H), 3.25 (septet, 1H), 4.58 (s, 1H), 7.30
(s, 1H).
Debutylating 5,5'-di-t-butyl-3,3’-diisopropyl-6,6'-
dimethyl-2,2’-biphenol

30 A 500-mL resin kettle equipped with mechanical
stirrer and condenser was placed in an oil bath and
charged with 153 g of a mixture of 5,5'-di-t-butyl-
73,3'-diisopfopyl-s,6'—diméthy1-2,2'-biphenol in a
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20 mixture was diluted with hexanes, washed with aqueous gat i on,

dried (MgSO4) and concentrated to dryness. The residue vva romat ographed
on silica gel to give 3.6 g (34% based on conversi on) of pure di rrer

5 5 -D b:qui')z/l 3,3 -di-isopropyl, 6,6 -dinethyl-2,2" 25 blgﬁenol

105- 108 fVR (CDC13) 8 1.26 (d, 6H) 1.43, (s, 9HCIWO 7‘Xlseptet 1H),

4.58 (s, 1H), 7.30 (s, 1H). Debutylating

5,5'-di-t-butyl-3,3 -diisopropyl-6 6'- dinethyl-2,2"-bhi phenol 30 A 500-nL

resin kettlig,gauhppssd wiadrechg o gﬁqF r was placed in

an oil bat hH?Yand charged with 15 é;a%ofc a m&tgéjr:e o %gg-t butyl -

3, 3' - di i sopH¥pyixBuse ‘iﬁﬂréﬁh;@ﬁf E;@' =hii Fhdrol 1B, -dJ2-3 10 May 2006 WO

03/ 045884 R 3781 i By. hr omat ogr aphy
T R R A i G e A AL

anal ysi s, xt ur'e” was ut yl
i sopr op)‘EI G cBuedemet fynic azldbwpﬁecmdrgeﬁ Sagdptlie trolxtereswad oni ¢ aci d was
to 130C. After 7.5 hqurs, gas

charged, and h wa d
chr omat ogrg]peﬁrt ga%f(%%{lgog sh%]\;\té%r ?}Hg RPRT B S35 i ORak 0942 _ fully
: debutyl at ecinplgdiigt shBvyedl -t(EhleI &mﬁwlco@tamdamm@} fudlg - bi phenol; 2.7%
‘ nono- debuty t ed. product
" butyl-3,3" - bg‘b%‘& rGDdG‘CEdl ?Te% TALisopropgy b -31gkEhyYd: 30% unr eact ed

starting mat, Qr’l-Biphﬁﬁi@.”p|2Q75 ﬁﬁl%ua%t?mae roduct, 5,-t-
2,2 - dlhydroxy 3,3 -dijisopropyl h Iblphenyl Under an
at rmspHQrebé‘FYﬁr? g‘éirﬂlsBPEOPglfs‘%ﬁdelme%BQ 2m'4') hiphepptl 2% nl) was

- added dropwi $€ t@réacted starting material.

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

15 " dimethylbiphenyl

Under an atmosphere of nitrogen, Br., (3.36 mbL,
0.0652 mol): in CH,Cl, (5 mL) was added dropwise to a
CHﬂHQ (200 mL) solution of 2,2’'-dihydroxy-3,3’-
diisopropyl-5,5’ -dimethylbiphenyl (6.488 g, 0.0217
20 -mol). The resulting mixture was stirred at room
temperature overnight. After the reaction was
~complete, the mixture was washed with 10% NaHSO,
(3 x 50mL) followed by brine (2 x 50 mL) and dried over
MgSO;. .The solvent was removed under vacuum to afford
25 an orange oil, whiéh was purified by column '
-chromatography (silica gel, 10% EtOAc/hexane). Yield
of light-brown solid was 3.95 g (40%). H NMR (CDg):
'1.07 (4, 6H), 1.89 (s, 3H), 3.17 (m, 1H) 4.30 (br s,
1H), 7.52 (s, 1H). |
30 |
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CH2C12 (200 ni) solution of 2,2'-dihydroxy-3,3'- 10 May 2006

di i sopropyl -5, 5" -di net hyl bi phenyl (6.488 g, 0.0217 20 nol). The resulting
m xture was stirred at room tenperature overnight. After the reaction was
conpl ete, the m xture was washed with 10% NaHSO3 (3 x 50nL) followed by
brine (2 x 50 nL) and dried over MSO4. The solvent was renoved under
vacuumto afford 25 an orange oil, which was purified by col um

chromat ography (silica gel, 10% Et OAc/ hexane). Yield of light-brown solid.
was 3.95 g (40% . 'H NWMR (CsD6): 1.07 (d, 6H), 1.89 (s, 3H), 3.17 (m 1H
4.30 (br 55, cliéhms7. 52 (s, 1H). 30 10 May 2006 5 Clainms: 1. A process for
maki ng a conpound of the formulal| HO HO | 10wherein Rl is Cl
toClOprimary or secondary alkyl or cycloal kyl, R2 is.Cl to ClO prinary or

d , kyl , 15X : 1
ahen X i3 oai(y)%’ %f?fén%a.fr%’* rEhbihd TS 13 itiea oy 70 1P

10 wherein
R! is Ci to Cypp primary or secondary alkyl or
cycloalkyl,
R? is C; to Cip primary or secondary, alkyl or
cycloalkyl, and
15 X is H, C1, Br, or I,
| comprising:
(1) when X is C1
(a) chlorinating a compound of the formula

IT

. R‘
20 7 li R

at the 4-position thereof to produce a .

compound of the formula III

H

\

el

R‘l

.25 IIT
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S

1, at the 4-position thereof. to produce a conpound of tlagmagrgmba I H
Ox 25111 - 25 10 May 2006 5 10 15 wherein X is d, (b) oxidatively
coupliing the conmpound of the formula Ill wherein Xis O to produce a
conmpound of the formula | wherein Xis C; (2) when Xis H(a)
chlorinating a conpound of the fornula |11 at the 4-position thereof to
produce a conpound of $he forpula ¢LI wherein X is O, (b) oxidatively
coupling the conmpound FCtHe™ fotPuta 111° wherein Xis O to produceha
conpound of the formul WhR{ifivdely c&lpl {163 sRbd&d nat i fige t he
co%ound of the forrru?gjl wherein Xiﬁs %I;pt%m%roduce a conpound of the

Cformula | wherein X is H &eEmebe (B)T vireerin sX Brs ¢fl [to produce a

5 compound of the formula I wherein X is
Cl:
(2} when X is H
(a) chlorinating a compound of the formula
IT at the 4-position thereof to produce
io ' a compound of the formula III wherein X
is C1,
{b) oxidatively coupling the compound of the
formula III wherein X is Cl to produce a
compound ©of the formula I wherein X is
15 Cl, and
{c) dechlorinating the compound of the
formula I wherein X is Cl to produce a
compound of the formula I wherein X is
H; and
20 (3) when X is Br or I
| (a} chlorinating a compound of the formula
IT at the 4-position thereof to produce
a compound of the formula III wherein X
is c1, | |
25 o (b) oxidatively coupling the compound of the
formula III whetein X is Cl to produce a
compound of the formula T wherein X is
Cc1,
{c) dechlorinating the compound of the
30 ' : formula T wherein X is Cl to produce a
compound of the formula I wherein X is
H, and ' '
- {d) substitutiné Br or I, respectively, for

H at the 5 and 5’ positions of the
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(a) chlorinating a conpound of the formula Il at the 4-posigth dotgereof to
produce a conpound of the formula Il wherein X is d, 25 (z%n%X|dat|vely
coupling the conmpound of the formula Ill wherein Xis Cl to produce a

conpound of the formula | wherein Xis d, (c) dechlorinating the conpound
of the 30 formula | wherein Xis ClL to produce a corrpound of the formula I

wherein Xis H and (d) substitutin r. or 1, respect.ivel. H at the
5 and 5' positions of the E@%O% h?g%%g%%wg%nﬁ L H, %rlrﬁ,ul al
wherein Xis H 5 2. The prmbcess of Claim1l wherein the chlorinating step

is carried out by reacting the conpound of formula 11 with chlorine or
sul furyl chloride. 3. The process of claim2 wherein the chlorinating 10

step is garrd.ed oe igkddBPIHSNGE P 3 ;9@134 e G ected from
the group consi sti ngFg:f al umi num chlori cij an I ar yclqﬁ&h dte 4. The
process of EEMMIT weeriad e dh}aﬂ}ﬂaCSUlIfg dehe Ioonppoutihhenyfiorsuiifa de. 5.

The process mhereln th atlve coupling step is carried out
by exposinglﬁieq%%hg%éh gry Son (I11) salt in a polar,
20 aprotic solvent. 6. The process of cla|m5 wherein the iron (I11) salt

3.  The process of claim 2 wherein the chlorinating
10 step is carried out in the presence of at least one
catalyst selected from the group con31st1ng of aluminum

chloride and diaryl sulfide.

4. The process of claim 3 wherein the diaryl sulfide

15 is diphenyl sulfide.

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

20 aprotic solvent.

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

is ferric chloride.

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

and a nickel or palladium~-containing catalyst.

30 8. A process for making a compound of fhe formula IV
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is-ferric chloride. 25 7. The process of Caim1l wherein thegmgehdoy i nating
step is carried out by contacting the conmpound of forrmula |I wherein Xis
C with hydrogen, a formate salt and a nickel or palladi um containing
catalyst. 30 8. A process for maki-ng a conpound of the fornula IV - 27 10
May 2006 |V 5wherein ClOprimary or secondary alkyl or RLis Cl to
cycloalkyl, R4 is C1 to Cwo primary or gecondary al kyl or cycloal kyl, and
10X is H d, Br,or | conph;sing: (D) mﬁgn Xis H(a) alkylating a H--0 15
conpound of the formula VM at the 4-pogition thereof to produce a
compound of the formul & whertin R3 is C4 to C20 tertiary

al kyl ,

Iv

wherein
5 R'is C; to Cy primary or secondary alkyl or
cyCloalkyl,
R! is C; to Cio primary or secondary alkyl or
cycloalkyl, and '
X is H, Cl1, Br, or I
10 comprising:
{l) when X is H
{a) alkylating a compound of the formula V

\0
R1
R‘
v
15 _ | at the 4-position thereof to produce a

compound of the formula VI

‘wherein R® is C; to Cy tertiary alkyl,
20
{b) Qxidatively coupling the compound of the
formula VI to produce a compound of the

formula VII
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(b) oxidatively coupling the conpound of the formula VI togQh a
conpound of the fornmula VIl - 28 10 May 2006 5 10 VII (c) al kyl ating a
conmpound of the formula VIl to produce a conpound of the fornmula 1V
wherein Xis H and (2) when Xis d, Br, or I (a) alkylating a conpound of
the fornmula V at the 4-position thereof to produce a conpound of the
formula VI, (b) oxidatively coupling thg conpound of the formula VI to
produce a conpound of the ‘%ornula VII,‘&C) deal kyl ati ng a conpound of the
formula 15 VIl to produce ajconpound of ffhe formula 20 IV wherein X is H,
and (d) substituting C# etively, for Hat the 5 and 5
positions of the conpounf V wherein Xis H 9. The
process of Cl aim8 wherei spe. al kyl apidg.step is carried out by reacting
the conpound of the formula] V ®ith ™ teft-alkyl halide in the presence of
a Lewis 25 Acid catalyst. #0. The process of claim9 wherein the Lew s
Acid catalyst is zinc chlorideygy al um num chloride. '

(c} dealkylating a compound of the formula
5 : VII to produce a compound of the formula
| IV wherein X is H; and
(2)‘ when X is C1, Br, or I | _
(a) alkylating a COmpound of the formula V
at the 4-position thereof to produce a
10 compound of the formula VI,
(b) oxidatively coupling the compound of the
formula VI to produce a compound of the
‘formula VII,
{c) dealkylating a compound of the formula
i5 VII to produce a compound of the formula
IV wherein X is H, and
(d) substituting Cl1l, Br, or I, respectively,
for H at the 5 and 5’ positions of the
compound of the formula IV wherein X is

20 ' H.

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

.25 Acid catalyst.

10. The process of claim 9 wherein the Lewis Acid

catalyst is zinc chloride or aluminum_chloride;
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- 29 10 May 2006 11. The process of claim8 wherein the aHbXﬁﬁJéﬁbGStep IS
carried out by reacting the conpound of the fornula V with a
2,2-di al kyl ethyl ene in the presence of an acid 5 catalyst. 12. The process
of claim8 wherein the oxidative coupling step is carried out by exposing
t he conpound of the formula VI to oxygen and a copper dianine 10 catal yst.
13. The procEis of, claim8 wherein the deal kylating step is carried out by
contacting t °co%B%uﬂH°8?$?h%f FORHDI & WRPEGHR HERE A orRE g Btels 14, The

‘process_of clgiayd3i dheset ol NBestEONY Atk dodRpostd 66F echd ramd e, 9roup
consisting of alkylsulfonic ~acid, arylsulfonic acid, sulfuric acid,
phosphoric ¥cWathadd e vdialkytétiylers 20 e progavesof am makidig a

conmpound of lal HH \' \ OO0 wherein 25 R is Cl to Cl10 primary
or seconégryégfﬁ%?§€? cycloalkyl, R2 is Cl to Cl10 prinmary or secondary

al kyl or cycloalkyl, and Xis H, 30 conprising: - 30 10 May 2006
12. The process of claim 8 wherein the oxidative
coupling step is carried out by exposing the compound
of the formula VI to.OXygen and a copper diamine

10 - catalyst.

13. The process of claim 8 wherein the dealkylating
step is carried out by contacting the compound of the

formula VII with a strong acid.

15
14. The process of claim 13 wherein the strong acid is
selected from the group cénsisting of alkylsulfonic
acid, arylsulfonic acid, sulfuric acid, phosphoric
‘acid, and aluminum chloride.

20

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

wherein _

25 _Rl is C; to Cy; primary or secondary alkyl or
cycloalkyl, ‘
R? is C; to Cip primary or secondary alkyl or
cycloalkyl, and |
X is H,

30 comprising:
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(a) oxidatively coupling a conpound of the formula Il 5 1o May}dos wherein
Xis O, to produce a conpound of the formula |I wherein Xis O, and (b)
dechlorinating the conpound of the formula | wherein Xis O to produce a
compound of the formula I wherein Xis H 16. The process of Caim15
wherein the oxidative coupling step is carried out by exposing the

conpound 15 of fornula t_i ol rotic .
solvent. 17. The procesé of gfagtiﬁgf&héééélﬁﬁke |%%NP§#?$)6£ Y ? is ferric
chloride. 20 18. The proces$opfuChaini 15 wherein the dechlorinating step

is carried out by contactjng the compuond of fornula | wherein Xis Cl
with hydrogen, a formate sglt 25 and a nickel or palladlun}contalnlng

catal yst.

RT

-
X
5 IT1
=wherein X is Ci, to produce a compound of the formula I
wherein X is Cl, and '
(b} dechlorinating the compound of thé
| formula I wherein X is Cl to produce a
10 compound of the formula I wherein X is

H.

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

aprotic solvent.

17. The process of Claim 16 wherein the iron (II1)
‘ sait is ferric chloride.

20

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

25 and a nickel or palladium-containing catalyst.
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