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3,3 ,6,6" - TETRAALKYL-2,2' 5

3,3'-,6,6'-TETRAALKYL-5,5'-DIEkﬁ)]ljﬁ\d-?ﬂ-§'-H%N FI ELD OF THE | NVENTI ON
Thi s invention Thiatiewentianprebuasss t@rappepaaésmfori@reparlng

5 2o ndfo 373 i b R BEiE st A R Bobst i 1 ut ec

blphenols SEthaa&kﬁléy 56 -@ihalo-2, 2’ -biphenols.

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, biphencls 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




15 tetraal kyl -2, 2" -bi phenol ; 3,31,4,41, 5,5 ,6,6" - 10 May 2006
oct aal kyl -2, 2' - bi phenol s; 3, 31,5, 51, 6, 6' - hexaal kyl - 2, 2'-bi phenol s; ;
3,3 ,5,5 -tetraal kyl -2, 2' - bi phenol ; 3- . }
al kyl -5, 5. ' 7,7 8,8 -octahydro-2,2'-bi napht hol ; i
3, 3" - di X?%i‘?“f“%%' 6,6',7,7' 8,8 -octahydro-2, 2" 20 bi PEIHSA¥I™8Ind
3,3 6,6'-tetral kyl -5,5"-di hal 0-2, 2' - bi phenol are conpounds that can be
used to make phosphorus-based catal yst |igands. Such ligands include
phosphi nes,oxiidsphd nideatts , pPRosANLS| h8S:icandidphasphid @%1oMae( phosphor ous)
| i gands are_conpounds 25 that contain a single phosphorus atom which serves
as a donorpottt?lsﬁl‘t“f‘a%ﬁ'lﬂc@ﬁnﬁg?al chygiice apil ¢ phosphistdero-$igands, in
general , _CallicyaRobu: ARASRIAI Hia N 1R 9TEpe AL dg/PI 63yl Y Form cycl i c
chelate structures with transition netals. %O I'n general, biphenols can be
nmade by 5t h&iGYEgary v 3 ‘cslipliFagredyXfo6d )y pheeohysl biphenylt eam ot her types of
products, syic HeS, oAk janed ol, overal. ields are poor
for other reaggﬁéé Phenol s c%ﬁoéégé?% %avagfé lgﬁﬁﬁeau%B %h e the 35
- corr espondidighbophend -slilsyanhbenmaywinoaevar i @t yt -dfutyil 10 May 2006 WO
- .03/ 045884 I /35781 Ldizkng ag , as, nitrjc acid, ferric

- chl ori de, %%ngg%hm er ITI%)§§gh?%Iéc,%'Chﬁ§&r$C g%ﬂaar? g—'thTﬂ‘oro- 5, 6-

di cyanobensogui nPeaekianTrdinst - DU s menoss de. sdue'ofb the

D hydroxy-3,3'.-di -i sopropyl -6, 6' -di net hyl bi phenyl can _be prepared from
| 27isop?§pyF?%gﬂ¥ﬁﬁnﬁq- ﬁgn%P'ﬁ???93§9§-1BVEHY%NQﬁQiq§9dP@yanobenzoquinone or

di -t-butyl reQ@EQO‘él@ﬁex%@ﬁsI@érﬁ{%ro@xﬁﬁgﬁve 186kcalded) Chem  Soc.,

Perkin Trans. |1, 587, .1983. Sone of the 10 oxi'dants and/or co-catalysts
i nvol ve t hEOKRRuURsis, 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. -



rel atively expensive and/or explosive (peroxides) conmpoundgmajfpges pose
di sadvantages for large scale comercial use. Phenols can al s6 be
oxidatively coupled using a 15 conbination of a transition nmetal catalyst
and an 'ggéing agent such as persul fate anion or Oﬁﬁﬁpn. See U. S.

Pat ent's b, 9; 4,139,544; 4,132,722; 4,354,048, HAdS2%0Y, 908. See
also'J. Og. Chem 1984, 49, 4456 and J. Org. Chem 1983, 48, 4948. The
cited 20 patents disclose the use of oxygen as an oxidizing agent wth

vari ous copper Ch&PéexeLs asnedh@lx$lieed GAPPRE £ GHL GerfORPEr acetate
w th sodium nercaptoacetate; copper acetate with

pent asodi urCdi BeRYRE e deraebomelda substibpird bipheselate with

1, 3- di am nen2tAKEE ORPHRRING" bELSREH G -pBELE) ca g £X QS in the patents
di scl ose the use of 2,6-di§u stituteé&bhenoﬁ %ﬁtZSﬁﬁd?- %ﬁ?gbutylphenol
The usedof copper amine catal ysts, with oxygen as an oxidizing agent, has
been described in connectwwi ve coupling of
2,4-di-tert-butyl phenol, 2= —4=1 = henol ,

2-chl or-4-tert - bat it pHemek aspet-tl- ttdet phabghphenantisaeid.a Org. Chem 1984,
49, 4456 : em 1983, 48, 4948 -_2 10 Nay 2006 WO 03/ 045884
PCT/USOZ/3%%§5%%%g$é}i Cﬂéngoﬁt??WHQﬂfdnggdt?ﬁ ??ﬁ?@iﬁ:¥?or met hods for ,
maki ng wi th decent yiePQs substitutéd bi phenols suitable for naking
phosphor ous- based catal yst |igands. % SUMVARY OF THE TNVENTION In its first

aspect, the present gnveption is a process for making a conpound of the
~fornmula | :

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 wherein R is Cl to Cl0 primary or secondary al kyl or 1e¥gdyorioey!  R2
Is ClL to C10 primary or secondary al kyl or 15 cycloalkyl, and X is H d
Br, or I, conprising: (1) when Xis O (a) chlorinating a conpound of the

formul a 1 11 at the 4-position thereof to produce a conpound of the

f or mul a"‘%‘?‘?”"’ﬁi‘s‘l\/ay 2006 WO 03/ 045884 PCT/ US02/ 35781 PCTHSEUISM 25 wherein X
Is G, (b) oxidatively coupling the conpound of the fornula Ill wherein x
is O to produce a conpound of the formula | wherein x is d; (2) when X
is H(a) chlorinating & conpound of the formula Il at the 4-position
thereof to produce a c ound of the forrmula Il wherein X is O, (b)

oxi datively couplingt hel conpound of the

w
x III
-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) oxidatively 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,




formula 111 wherein Xis ClL to produce a conpound of the f o6 Ml 20bs Wher ei n
Xis d, and (c) dechlorinating the conpound of the fornmula | wherein X
is O to produce a conpound of the forrmula I wherein Xis H, or (3) when

Xis Br I chlorinating a conmpound of the fornmula Il at the

4- posi ti‘@%"sfoﬂ%?%of to produce a conpound of the for RYTAP¥58herein X is
a, (b) oxidatively coupling the conpound of the forrmula Ill wherein X is
Cl to produce a conpound of the formula | wherein x is d, - 4 WO

03/045884 10 May 200&) PEELALSOHIEMELche) cofshiRr bratheg the conpound of
the formula | wherein X_is G to produce a conmpound of the fornula I
wherein Xis H and (d) fetpeaia tumhegemp ¥ris Ck ¢operedvesyd for H at the

5 and 5' positions of thgonsoimPWid 18t EBEmind MhAckeyferein X is H 10 In
its second aspect, the present invention i1s a process for making a

‘conpound of the fornula Hv 3dH 0 _
: {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 invention 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




wherein 15 Rl is Cl1 to Cl10 primary or secondary al kyl or ﬁ;h%%kﬁ%|1 R4
Is ClL to C10 primary or secondary al kyl or cycloal kyl, an , C, Br
or I 20 conprising: (1) when Xis H (a) alkylating a conpound of the
formul a V. x~-§) V 25 at the 4-position thereof to produce a compound of
the for MATBY%®¥ 5 10 May 2006 WO 03/ 045884 PCTI USOZCEBHESSBL \|  wherein
R3is C4 to C20 tertiary alkyl, 5 (b) oxidatively coupling the conpound of
the fornmula VI to produce a conmpound of the formula VII 10 R VIl (c¢)
deal kyl ati ng-a conpoundiof the fornula VII to produce a conpound of the
formula 1V wherein Xig H or (2) when Xis O, Br, or | 15 (a) al kylating
a conpound of the forJmu V 20 25

@
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.




at the 4-position thereof to produce a conpound of the forgj.l,l,lgyybee(b)

oxi datively coupling the conpound of the fornula VI to produce a conpound
of the formula VII, (c) deal kylating a conpound of the formula VII to
produce_a conpound of the fornmula 1V wherein Xis H, and (d) substituting
C, Br, %0484 spectively, for Hat the 5 and 5 pl&TUSBHSEf t he
conpound of the formula IV wherein Xis H 10 May 2006 WO 03/ 045884

PCTI US02/ 35781 In its third aspect, the present invention is a process for
making a conpound 9fs e fomEHkA | %é)p\r‘ésé%% iHhagald K LS Cl to C10
primary or secondary al kyl or™ cycl oal kyl, Is Clto TO primry or
secondary &4efeseriap makingapkgpmperml oX theHformokeprl sing: (a) oxidatively
coupling a conpound of he forrmuladll 15 x 11l wherein Xis d, to
produce a conpound of th% formul a I\Wnerei n Xis d, and

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




20 (b) dechlorinating the compound of the formula | whereigpdsodg tO
produce a conpound of the formula | wherein X is H 25 In anot’her aspect
the present invention. is a conpound selected fromthe group consisting of
- 7 10 _May 2006 WO 03/045884 PCT/ US02/ 35781

3,3, 6, @'Q%@ﬁsgﬁmt hyl - 2, 2' - bi phenol , and PCT/US02/35781

3,3 -di-isopropyl-6,6'-dinentyl-2,2"'-biphenol. 5 DETAI LED DESCRI PTI ON OF
THE I'NVENTI ON The first aspect of the present invention provides a process
for p_repa_rI3ngf$s?>'sf,ﬁa&ranr@ttm@wyir%ighzenenphml_, conprising (1)
substituting chlorine for_ hydrogen at the 4- position of

2, 5- di al kyPpRénét;igepronyloki datdiantydodp? [ Meirtemolesul ting 2, 5-di al kyl - 4-
chl oro- phenol, and (3) renoving chlorine fromthe resulting conpound. The
second step is carried out by analogy with the nethods of Sartori, et al
(Tetrah&dron, 1992 DEIATIGHIBESCRIRTION OF THE INVRNTI®Nphenol rather than its
di chl oroal um n rivative. The.three steps of .the process are shown

bel ow. HLO Ci gﬁ'ﬁ%ldﬁlﬁ\écﬁsaecb c’]%\/1\/$1tehr‘:" ePheREn slrt‘,"fqt(}c’&lgr%ﬁ y or

. secondary -al kybcess £20 pyepaaiiyl3, 3and, B2-tst Lkl 1C202pri mary or secondary

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 kyl or cycloalkyl. - 8 10 May 2006 WO 03/045884 PCT/ US02/43 Q}z&%@ferred
Rl are nethyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl,” cycl ohexyl,
and cyclopentyl. Preferred R2 are nethyl and ethyl. The 5 al kyl groups at
the 2- and 5-postions may be the sane or different. In the first step of
the prod¥s®4§3d 5. (i al kyl phenol can be reacted wi t RCEUSHHIBTSInat i ng agent,
such as chlorine or sulfuryl chloride, preferably in 10 the presence of 1
to 10 nol % of a catalyst such as alumnumchloride or a diaryl sulfide

such as di phenyb,.gulfif&: a_mi re reof Watson, J. Org. Chem,
1985, 50, 2145. %ﬁe&teactﬁi %‘%errggkégftoené ct'e PR (wi thout a solvent) or

in a nmedi urhsepchpas. 15 hdityhl osendiutarie, cghlohabdnzand, or ot her inert

sol vent at rature between 30 and.6QC, _preferably at about 25 C
The reacti on }éﬁ%@%@a' I%%gﬁ%‘?%&daﬁ? “ber(%hygbéﬁg %Eq?i}sphép?c pressure for
ease of sopedayi ogroups tate thecpndhrid ep poktibRs MR ®%S thé hgadie@sul ting 20

2, 5-di al kyl -4-cbhlorophenol can be oxidatively coupled to give the
correspondFﬁgdaFkﬁﬁ? ‘chl or ophenol's (5,5 -

di chloro-3, 3", 61’ thetmaatkyteR & thcpBepebds, The,spreferred nethod for
oxi dative cqupling of the chlorinated Ehenols I's by the use of an

iron(111) SaRtkybenesods epBpPy Feaqted wAkbra ddilaninating tadsnd pol ar,
o oy epieRlsddahoptsl e U ORSE A, OSBRI LT
product?®i s thsopresandsy ofi 1 utd o¥? widlth wht arcatred y3® Suthrad i on. '
. aluminum 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 -




In the third step of the process, dechlorination of 10 May 200

55 -dichloro-3,3,6,6"-tetraal kyl -2, 2" -bi phenols can be acco% I ghed by
hydr ogenol ytic reduction to provide the required 3,3 ,6,6"-tetraal kyl -2, 2
- 9 10 _My 2006 WO 03/045884 PCTI US02/ 35781 bi phenol s. The reduction is
carri ed RP%#4 he presence of hydrogen gas, pref er ASIHUSBY3SHIessur es
between 1 and 50 at nospheres and tenperature between 50 5 and 80C, and a
formate salt, such as sodiumfornmate, and Raney(r) nickel or palladium

catal yst sugpnaforpal Il ygawﬁi{%ii%ec%rgéab&& ilf ¢fePal I adi um catal yst

is used, the reaction is general carried out 1na protic solvent such as
met hanol , ®sReanes Mf hydreged. ¥asl0 rewdfevabintat greasuaatne such as

triethylam t n_chloride produced in the reaction.
The second ggg%%?a%fsa 9{ gopggtg%ér@{e%%veﬁﬁ ?oﬁem%errowuagsgsgﬁ%r&eégs f or
preparifhg andodpBundndfa tfrermafter sula, | ckc aEpebding fdimazhstituting a

tertiary 15 _al kvl oup, for hydragen at the 4-position of 2,5-
di al kyl pheﬁga,ﬁ%%ﬁﬁlgg??v%ﬁf f%@%&d}%??ﬁlxﬁﬁp{: ngs
2, 5- di al kypadia@ium dlyldybxpienst ,caabdn( 3) If efpdingatif cd@ilysary al kyl group

fromthe resulting %%n'gound, The three_steps of the process are shown
bel ow. H, 01R ¥FEF RIS IEACHESR G0 FREF 9510 45884 ePCInbSHR /85781

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

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

15 alkyl group for 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
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wherein RL is ClL to Clo primary or secondary al kyl or cyclm!,,g)ybaoﬁl? is Cl
to do primary or secondary al kyl or cycloalkyl; and R3 is C4 to C20
tertiaryl alkyl. 5 1n the first step of the process, a 2,5- dialkyl phenol
can be reacted with a tert-alkyl halide in the presence of a Lewi s Acid
cat al ysﬁwooﬂf’éws‘hs zinc chloride or al unminum chl ori dCT{US0HISFH a

2,5-dial kyl-4- tert-al kyl phenol. Alternatively, the 2,5-dialkyl-4 10
tert-al kyl phenol can be prepared fromcontacting 2,5- dial kyl phenol with

2 2-di al kylsbuh ang: 8 E0PIcesoRaGa Ol oAk fh tgqég o1 exanpl e of the

alternatlve method is ;L he i ncorporatfon of & Ler group into the 4-
posi tion ofcyzlgahkﬁlkﬁ phendl tbyCreprimagy 25 sksoddakkydhdnol with

i sobutyl en se i . | furic aci n, t econd step of the
process, %§J ?i?’ ?‘Eyﬁ{@ {"!lglrgtﬂ :é@ﬁ"ec’n(()"‘?o %gﬁgfj%r&i%giyi\/el y coupl ed using a
gopper El a[n Ine tat:atheysﬁlmrudsm}ygem tae pl&ecésfsdiazizgg- Zg agenL. dThe ;:gpper

di am ne cata an repared uysi rocedure described in the

Tet r ahedr oft Eiﬁ']e? qlé §5reaf§§§]%ﬁ\tgoﬁp srhaliye, halide as cud, cubr,
cul, or QJGIi:ZthdaSpﬁEB%?ﬁet efdaMedil acali aheshply, Sueh 25 Asdret hanol , and

B water and tg‘i diamne iis slowy added. After the addition of the diani ne,
air is spafgefritirdugn “f"ﬁ@u‘m%]tﬂ%d\ﬁ t RovEHot cuS Sriirllal-4Fhe catal yst

i's filterederfdsity m@n gat Ak MsdrredvRey opihdined dhya gopcent rating the
filtrate and fllte%lng C?O t he dersweair clé'fa lyst. The ca?g ‘gst can al so be

 prepar &8 |ﬁe§i:t%1]ﬁf§1%’@#w&c§¢lmd>et rrepopper Lrem iatmtanting he, %H anmine in the
Coupling oftTRY R MERRE S Ml A S Wl hpr i’ o e and
: - 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 -




|

- 11 10 May 2006 WD 03/045884 PCT/ US02/ 35781 aronmatic sol Wg%efyfdb%h as
xyl ene, benzene and tol uene. Exanple of diam nes include, but ’are not
limted to, the following: N,N, N ,N -tetraethyl ethylene diamne, 5
N,NNN,N -tetraethyl -1, 3-propanedi anine, N,N, N ,N - tetraethyl net hane

di ami ne WO\P¥Q45884 N' -t et ramet hyl - 1, 6- hexanedi ani ne,  PCT/US02/35781
N,NN,N-tetranethyl -1, 3- propanedi am ne, dipiperidinonethane, N,N, N, N -
t et ramet hyl et hyl ene di am ne and 1, 4-di azabi cyclo 10 (2, 2, 2) - oct ane.

Pref or  abl yarchae: di 251 oNchl 1% oM Terke®! ERRELAY| S Mog0gndl ami ne. 10 the

third step of the process, the 3
t et r aal kyl Bxagpldi of ediaminesl iacPudsi wenelrecaont bieimided! ky) at ed by

contacti ng_e’hga_ Wo%?o@lsr?ﬁ 'rOWWNaCl%ﬂ-itgeﬁ:O%e%ﬁt ill%'\'/%%%e seug%h as_an al kyl - or

aryl sul foni ¢ aci furi'c acld, Sohor 80 AUm chl ori de, or
the |i ke, obN,Bhall ytetrdaedthyprbskmmepeinedisalnenty,ayoh ,Nas t ol uene,

chl or obenzen n'“%r thane, .or. xylene, _ typicall aE gerrperatures bet ween
10 and 150%.E%56e ﬂg'%b(ﬁtel gdan Ii_@r'ganiégét%'é?‘%? Yout-feat  (without a
sol vent) Ohebtshadi HMEndr NTBL R/ Ofi- & atird@echange, Bf poorly oxidi zabl e |
sol vents incl uding, djchloronethane, chlorobenzenq, Roluene, xyl enes,
ni t r onet haRECPREFAFIMINE ., dipirefidinomgtpang; (N4l Nor 25 oxygen can be
used as _OXhé@@&ﬁeiﬁ&ﬁéﬁg@éh@a&i%ﬁné%&@ hNg-afheshidoaspect of the
present invention provides a process for making a Conpound of the fornula
| 30 110 142.392M8ctzoe 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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WO 03/045884 10 15 111 wherein X is O, to produce a conpoHpga9?0@£e

formula | wherein Xis G, and (b) dechlorinating the conpound ©of the

formula | wherein Xis C to produce a conpound of the fornula | wherein X

is H 20 In the first step of the process, the resulting

2, 5- di aM@A304388h| or ophenol can be oxi datively coupl ed®CTUSO250 t he

correspondi ng di nmeric chl orophenols (5,5"-

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

oxi dative ggpLiRg of the 25 chlorinated phenols is by the use of an

iron(ll1) salt, preferably ferric chloride, in a suitable polar, aprotic

sol vent sud®h & Qi &bl Gropeihame cor sepgphdaretaikyd, opr ef erabl y nitronet hane

at tenpera?&rﬁoaggéyeen 0C and 60C, preferably about 35C. The

PCT/ US02/ 3578 €in RLis CLto ClO primary or secondary al kyl or

cycl oal kyl R°Rs is €4 C@ itlngry war geoondeepndany akkyl or cycl oal kyl, and

Xis H «cq i Sj,ng; ) oxidatively coupling a conpound of the formula
§kag 5506

11 - 13 F 03/ 045884 PCTI US02/ 35781
X is H, _
comprising:
(a) oxidatively coupling a compound of the
10 formula III
\
A
"
X
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 wheréin 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 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
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 -

-13 -




product is isolated by dilution with water and filtrationqohnidtpesecond
step of the process, dechlorination 5 of

5,5'-dichloro-3,3 ,6,6"'-tetraal kyl -2, 2" -bi phenols can be acconplished by
hydrogenol vtic reduction to provide the required

3, 3", 6, 8"QPMBEY kyl -2, 2' - biphenol's. The reduction PSTARPHISE out in the
presence of hydrogen gas, preferably at pressures 10 between 1 and 50

at nospheres and tenperature between 5 and 80C, and a formate salt, such as

sodi'um f or Priciuctand R by gkeht n Rakhaghtdn calpl yst such as

pal | adi um hydr oxi de on carbon. If a palladiumcatalyst is used, the
reaction i ssigék@Ea&Pry carried out in a 15 protic sol vent such as methanol,

containing 1.0 &g éhé)ségygdygkg?gﬁﬁgggg_ﬁgghgglg&gghf%%ihgk %ﬁylanine to

absorb the hydrogen chloride p e reaction. n e first,
second &nd athi5r 8 adpaltiorcof , Bhe6, f exsmaalkydn2 i 2'n:biphenols

3,3 ,6,6" -tetraal - 'adizhal o 20 2. 2'-bi.phenol na e hal ogenated at
the para pé%%t?%n%g%ﬁéﬁiiﬁhgg,gy??% ?%gﬁW3§VE§$2r@é§ﬁﬁﬁé§oE? as shown bel ow, H
H H O b Opxiosiédent¥ resiu@retioz (A0, rd maeyrasllsgcondary al kyl or 25

cycl oal kyl ;, . s, Cl Cl o _primary, or secondary al kyl or cycloal kyl; and
Xis d, BPlgﬁeP?lgAddiLI?ﬁeoﬁe CRIOR g 83 C3Trge@: oY tlr“aé%ﬁw-z,z'- bi phenol s
can be. accoirebesbebbdihydeagthogadf gieleirAbly SUig2l0r8gl vent. Typi cal

sol vent s fg% brom nation are 30 | ow polarity solvents such as chl orof orm
di chl or8metFaiEen chralth SPe REHHPRATSFe andn HeBRE I Hre4 betweqmy5°2006 WO

03/ 045884 BQE/M§Q2/3538& 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 -




di sulfide. In some cases, aqueous bromi ne can be used. Theypi§ppsed
process is one carried out in alow polarity solvent. This reaction can be
acconplished at 5 -10C to 50C, preferably at roomtenpearature. The
conmpounds which are produced by the processes of the present invention can
be usedV4%%%8t ants to nake phosphorous- cont ai ni ng PCIEANRBS™8hat ar e
useful to nmake catalysts that, in turn, are useful in both 10
hydrocyanation and hydroformyl ation reactions. Bidentate phosphite |igands
are particlighhyidsel Wn soldentad € RRSAL! bomd f#ARds 53N, 0& prepared as.
described in U S. Patent 5,235,113 by contacting phosphorochloridites with
t he bi phendirecBrptrires paeces3siponcheaproedssds iof at hewpresent i nventi on.
More recent, WS 6,0 : BT, F R ted herein by
reference, rpggg?ﬁ)gggoggezlgt'i vgﬁis%%%ggggo?ggb%grﬁdgp‘g’% oéscghartt e ligands in
whi ch a5 pha§pfhdroshPer imticferablpr apareh itempesvatumem phosphorus 20
trichloride andTﬁépQ%p%hnéucQ?qﬁio-cresol aqg thﬁp treated in the sane
reaction vessel Wi th &r BPEMETTE AP PRI &% FEepPERREERS phosphi t e
| i gand. Thef bhehsrealenitofntrbet piesamt benueed | 00 raetanbstid uted for the
aromatic diol. é?PThe conpounds, whi ch are groduced by the processes of the
present i nTBAE BIPRERTRES pEPY RN ISy Lidandndatuses dgetehdiants to nake
phosphor ougaRentatidliye8s theands thah, apge sl 4@ BBKE catal ysts that, in
turn, are useful in both hydrocyanation and 3f0' hydrofornylation
reacti ofis. hﬂéowﬁﬁéaﬁﬂsaﬁ%d}w@ﬁpfﬂ#@%ﬁ%’e@%§@§Cc§‘r1°t1ﬁe present invention,
Lg.W?=EQSXBﬁéﬁéﬁaﬂéaﬁhgng§€@ 1 QIR a rBOLYFEI i alch §2RESe Py, @ Process which
np ' 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 -



10 May 2006 WO 03/045884 PCTI US02/35781 (1) reacting the cognginsipemade by
the processes of the present invention, in which Xis H wth a conpound
containing at |east two benzyl chloride groups, in the 5 presence of a

Lew s agj lyst, and (2) reacting the product of ste 1) with at
| east oﬁggoﬁﬁ%gﬁhorochloridite compound in the preseﬂggwﬁgygﬁl—organlc

base. Preferably the Lewis acid catalyst is zinc chloride or alum num
chloride, and the organic 10 base is a trialkylan ne. The conpounds nade

by the procasseseattihg fHeeT@Rbouh8Y GideOBy tRe WH-EHeIEdsSoEl » Br, or I, can
be used to  _nmake polyneric ligands by a process which conprises: 15 20 25

(1) prot ect§fy PFRESRH Yresdoby dnpdtichuei A§ H vhwera siorppupd ot ect | ng
group for hdtaliRenSHhorUME tRo"BEEA RALEEEEd £ und, 1p,£2) treating

- the protected conpound with a conpound containing at east two bor oni c
groups Pn tRYES§REsentea diewdisGrebp satalystransdt (D nmestiogt al yst, (3)

repl acing tdhg E8§ﬁ§£Bg%é%%@yg%?gYia¥f§;3%§§% fromstep (2) with hydrogen

and (4) reacting ep AT | east one
phosphor ocHhesptibrecktlonpaling compdend pmesascpredermte @fgani ¢ base.

and the o SEaRDiE B ' FreFbPaR LY R ME oSl PatT WRECAS he. al Kyl o oup
is a Cl tci6t2chianthedronliidirgdhlehaids, sty t18f Giganhbr e
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 -




30 preferably the organic base is triethylam ne. Two parti ggl@) Yoggmport ant
industrial catalytic reactions using phosphorus-containing Il gands are

ol efi'n hydrocyanati on and isonerization of branched nitriles to |inear
nitriles. See, for exanple, - 16 10 May 2006 WO 03/045884 PCT/ US02/ 35781
U S. PaléhB&438615 695 and 5,512,696, and | nternati oR&T/USEIEt  Appl i cati on
W9514659. Phosphite ligands are particularly useful for both reactions.
The 5 hydrocyanation of unactivated and activated ethylenically

unsat ur at 4. gonpatiilss (0lsdbl 853 dind U sab!, 3081 LhAN dREBhaCOGRIEXES Wi Lh

nmonodent ate and bidentate phosphite ligands is we nown. dentate
phosphi ni t #3&REt pherbitatiioa VOYEMES %r e Phoepli tead igantis 18&ref a cat al yst

system for oh %i%ﬁ%ﬁ%&h?%&f boeékﬁh)éleggkgﬁ%y Ypsat ur at ed conpounds.

Bi dentate “phos I'gands are al SO usSe as part of a catalyst
syst em $or hyfzotyakracirenafi emaofiwtedabnd avtiwdtegdonpounds. 15

drof ornylation i s -another. industiriall seful _.process that utilizes
E'ét al yst rsry ﬁgg‘g? ?%cﬁlgﬁogﬁﬁgF%q ec%rﬁ"ﬁﬁ%ﬁéﬁ F‘glaﬁfdg‘.s?mﬁuﬁ%e of phosphi ne
- ligands, = itmehsthsh digthospbipiesced wikRomBnddentdtieSapdr pose. The use of
. catalysts Eage from hos%hite ligands is also 20 known. Such catalysts
“usual ly cofit ?ﬂt%t%%ﬁ‘ﬁp tte llr@g’éils. igewe} hrkngwinp| Bidentaitepat ent
.. 5,235, 113. pmwpwltaectahagbu%@ﬁa‘ﬂﬂtecqageﬁ@igsaﬁéﬁ%fse@aﬂ e gmge by the

present processes are 3,3 ,6,6' -tetranethyl- 2,2"-bi phenol and
© 3,3 - di?i sBpradpsAtEYSt- gy akem yiar the. hydrepysnatsion EXKAVPLES

ethylenically 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’-biphenol and 3,3’-di-isopropyl-6,6’ -dimentyl-2,2’-
25 biphenol. |

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

-percentages are by weight, unless otherwise indicated.
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‘Thin Layer =26

The followi ng non-limting exanples illustrate the 30 presqgtud W tion.

Al parts, proportions, and percentages are by weight, unless ‘otherw se

i ndi cated. 10 May 2006 WO 03/ 045884 PCT/ US02/ 35751 Exanpl e 1 Process in
accordance with the first aspect of the invention for preparing

3,3, 6, 8PP het hyl -2, 2' - 5 biphenol First step of PCRESHHMss:
Preparatlon of 4-Chl oro- 2, 5- xyI enol : To a solution of 100 g (0.82 nol) of
2,5-xylenol and 0.9 g of diphenyl sulfide in 700 nL of 10 dichl oronet hane
was added a solution of 106 g (OgfSnpirwlh) of sulfuryl chloride in 100 niL of
di chl or onet hane ITB.I nt a| n| ng th %ature at 5-15 C. The m xture was
stirred for

5 -“ peohhe geof | ce-water
cont ai ni ng 51gvg£t§&g|wp \(&5‘, g separated, and the
or gani ¢ phas& wa Wo W% ] t—concentrated to
dryness® The crude sol i ds wer e sEﬂp_he W|th a mni rrum anount of hexanes,
filtered, agng , pr oduc, honogeneous by ‘
ep oL thne ) ‘ 5= L NVR
(CDC13) 5 xglen@s, 3H) 2 27 (s, 3H) 4. 61 (s, 1H) 6. 63 (s YiH), 7.07.(s,
1H). Lit (Bl ackstock

. 1973, 75 74 75C. 25 S d
step of the proc@syd; 5%}‘358?;3??0%’ of? 550582 'Eﬁ]éhloér %! @YnP eeon

6' -tetranethyl 829 23 -d¥ ghphéhyl siafddeechandeadr] westirred m xture of 71.4 g
(0.458, nol %ﬁof 4-chl oro-2, 5-xyl enol and 120 nL of nitronethane was added
94 g (b%599hEhIoTATEhRpE! Hos & @ énlBtier of3306ngpb? t1%ns over about 20

- ..mnutes Wﬂh@lpc6¥'éﬂlfh9yl 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
-was added 94 g {0.59 mol) of anhydrous ferric chloride
. 30 .in portions over about 20 minutes with cooling to
maintain the temperature below 35 °C. The mixture was
stirred for an additional 3 hours and then 300 ml of
ice water containing 50 mL of concentrated HCl'wés

added, followed by 300 mi, of hexanes. The mixture was
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mai ntain the tenperature below 35 C. The m xture was stirrﬁg fa%r%()@(?
additional 3 hours and then 300 nL of ice water containing M 0
concentrated HC1 was added, followed by 300 nL of hexanes. The m xture was
- 18 10_May 2006 WD 03/045884 PCTI US02/ 35781 filtered, and the solids were
washed W 4EFLr and hexanes and dried in vacuo to P§THSOEN g of
product. The organi c phase was separated fromthe filtrate, 5 washed with
wat er, and concentrated; the residue was then slurried in hexanes and
filtered tEiQire@e@noiMierehel bolli @ WRNROINGERedNGi {0tAle §hd Was thus 62 g
(87% of a tan solldé_gp 148-155 C). Additional purification to renove
traces of NeFARRE| PRE fHEiad dat Bacu® tchgivaebBbeRieantof erdadutye
- dechl ori natgyan L 0 C a i i ssolving in ethyl
acet at e, m%h%hfjﬁg&&éﬁ slﬁ%tosieuﬁﬁs)ngﬁ%ﬁgugggﬂp%t%wgﬁgéfgm ne- tetraacetic
aci d di Sodivaphed! viIEPRAEINa anERTmcentenheli engtd asiduet wamcet i ¢ aci d)

il ot rrar SRR TR Btk o BIVRDGL e G VR NG 505 [y ahy.

© 4.60 (s, 1HR, g7oR5prfciuctH) . Thai tat=t gnedl vhe fHacessy Peeparati on of

3,3,6, 6'- tetramethyl-2 2'-bjp gl 20 A sanple of purified 5,5
di chl or o- 3°% aG{;a%'Eioqtléjt %5‘%%%@11-%?2&1 bi 1[5?"11%. 0 g, 48.4 mml) was

di ssol ved ipariB0cadicy ret kamele aafticaisNbhyidéh Melpfs ruRieltand 20 nL of
triethylam pe. This solutigon was added to 1.0 g (dry weight basis) of

i st 280 25°PAERIGDIBE( PEARFIAYE SechiariRryicind Wi bheatiasd at 50 psig
~for 2 hour goalq i AMorbe ABREATY @isIREVPESIE et YAS bl edby filtration
of catal yst, concentration, ‘

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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di ssolution of the residue in Et OAc, washing with water, Bqﬁg&%&ﬁptratlon
to dryness to give 11.0 g 30 (94% of product, np 110- 113C (CDC13)
8 1.95 (s SFD 2.25 (s, 3H, 4.71 (s, 1H, 6.81 (d, 1H, .J 7.5 Hz), 7.10
(d, 1H, = Hz). - 19 10 May 2006 WD 03/045884 PCT/ US02/ 35781 The
second &Hﬁmpﬁﬁph steps of the foregoing exanple al s@CIIUSEITEte the third
aspect of the invention. 5 Exanple 2 Process in accordance with the third
aspect of the invention for preparing 3,3 -di-isopropyl-6,6"-
di et hyl -2, 2' - brRDNOlonk0afh 1291 %eegg weu;g%@%gmﬁgeparatlon of 5,5'-
di chl oro- 3, 31-di i sopropyl -6, di nrethyl -2, 2 A well-stirred
m xture ofeaémEﬂ%)ql¥01951H6¢§aQﬁ Qﬂ?léh@tﬁy&ﬁﬂeqﬂu¢f56hﬂt of nitronet hane was
~cooled to @ﬂﬁ140 g (0.25 nol) of anhydrous ferric chloride was 15
added over 36 m nut e The m xture was allowed to warmto anbi ent
tenperafure and held an addi tional hour. Ice-water (300 nL) was added al
at once, and the m xture was cg&penérféed at reduced pressure to renove
about 100 ni of the nitronethan zeotrope. The 20 solids were
filtered andpreeegst i | dcteddhnos wigteake thiearapsnal ofotgeve 23.3 g of a
first crop and, 3.9 @ of a second crop of SO|IdS D 98C TH NWVR (CDC13) S
1.24 (two d, BHeR opaggng 3, 3indi-isgpropy
4.63 (s, 1H), 7.30 (s, 1Hh1m85h§w@$1§aeﬁélthe proceSS
3, 3 d|-|sopropy 6 6' - dinmethyl -2, 2 -Dbi pheno

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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Thi s substituted bi phenol was prepared simlarly to t he thbﬁ&éfﬁd@@ of
Exanpl e 1 except 5,5 -dichloro- 3,3'-diisopropyl -

-di'net hyl - 2, 2' - bi phenol was used 30 instead of 5 5'-dichloro-3, 3,6,
6'-tetranethyl -2, 2'- biphenol, np 89-92C. 'H NWR (CDC1l3) S 1.25 (d, 6H)
1.95 (sWOAHNS8Y 58 (septet, 1H), 4.76 (s, 1H), 6.88 PETUSRHSTEY = 7 5 Hz),
7.18 (d, 1H, J = 7.5 Hz). - 20 10 May 2006 WD 03/045884 PCT/ US02/ 35781
Exanpl e 3 Process in accordance with the second aspect of the 5 invention
for preparing 3,3 ,6,6" -tetranmethyl-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-Xyl erBgampl@ 890 g, 0.73 nol) was nelted at 80 C~

1 nL of eq o heat ed
1ot CongeBbisl o Ylbiabiicd Ghitn'heddletha Al Ghdre Was heat ed

reacti oh appewemtidn fs:trablreaar@wt, 380%0 eont/armnm:hthze, A5 reacti on nass
was diluted with water and neutrg%iéed !mﬁth NaHCO3, and sone starting
-xyl enol was renoved by steanmdi fon. Since the steamdistillation
did not coipbeteiap lfmeve phecedar PragafBt f5d JJf athepukEsi due was

di ssol ved 1n_hot  hexanes, separated from 20 Tthé aqueouS phase, and cool ed

in an ice- preci pitated product was filtered and washed with col d
hexanes to gi V@z@?&a@&%?@o?fcl%isu@%yb 2. 8y20n0! 5 bitydciavens, | nd.
Eng. Chem 1943, 655 Parc, Rev. |Ast bet . ‘10807 680) mp 70- 72C.

'H—NNRl‘QCD((:?Q)Q:ZS) §31mg?) yas T!ﬁ-l)tedZaBOBQs°C 3L mL2e@A3 (s, 3H), 4.85 (s,
concentrated sulfuric acid was added, and the mlxture
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 8 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}?® t félEPYy&flc tragéve whd- vas HE8S W o Rumees, SanBislfted over MySO4.

Af ter rennﬁﬁf&ﬂijgBSQ%anLteEfghethyl-z,z'-biphenol , mp
103-105°C. 'H-NMR (CDCl.) § 1.42, (s, 9H), 2.06 (s, 3H),
2.25 (=, 3H), 4.54 (s, 1H), 6.51 (s, 1H), 7.24 (s, 1H}.

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

15 tetramethyl-2,2’-biphenol:
To a 50 mL flask were added 0.5 g of 5,5’ -Bis(t-

‘butyl}-3,3",6,6’-tetramethyl-2,2’-biphenol, 5 mL of
xylenes and 0.05 g of p-toluenesulfonic acid. The
mixture was refluxed for about 2 hours. The mixture
20 . was cooled and water added. The mixture was extracted
with hexanes; the organic layer was washed with water
-and dried over 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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resi due was recrystallized from petrol eumether. 25 Exarrpl Prg((}o%ss in
accordance with the second aspect of the invention for pre

55" -Di-t-butyl-3,3 -di- isopropyl, 6,6 -dinmethyl-2,2"-bi phenol First step
of the process: Preparation of 4-t- 30 Butylthynmol: To 30 g (0.20 nol) of
t hyrmol , WR%{04¥84t 60 C under nitrogen, was added 1 PCIfUSEBIEMNt r at ed

sul fUI’I c acid. After heating to 90 C, a slow stream of i sobutylene was

i ntroduced over about 2 hours. The - 22 10 May 2006 WD 03/ 045884

PCT/ US02/ 39484+ § tgfl 0 £apvelsi;gn, so an additional
charge of sul %Er‘?@cgggfi < Q %%Lg'l 5%% léEII@er/geactl on was nonitored by

GC- anal ysi @ddhtitbnﬂ aablprggl qﬁtmyflﬂﬁ.@a%dmrﬁdﬁd wasd tlodi eved. The

reaction i 1 and the .ude residue was
‘recrystal Y?%ggﬂr omah e>‘?§§ég gl%ec’%?@‘na ofe Afmt utyl thynol, np 68-69C,
li.t (Unbt edpBratibsatiédyent-sds 8@&\%7:&)101’1 s /4chiEvedl H BVR (CDC13) 6 1.25

(d, 6H, J 10 = ) @E? 15 (septet, 1H), 4.49
(s, 1H), rgicféonff%s w?r{%%d(‘ép agin §§é@ﬂ£eslt dof:iﬁh@ WQcess:
PreparatlO@e@idﬁhfhaﬂarebrystalllzed from hexanes to give 20 g of

butyl -3, 3" -di-isopropyl,6,6'-dinmethyl - - bi phenol’ 15 To a sol ution of 20

g (0.104 nbr- RS AL YT HAS9Fn B{Frrﬂ%#%ﬁo?ﬂ%rr@ﬁha% was added 1.0
g (5 mol qer  chlor r exi cql dark purple

m xture vva)sl’g%?o tf)nﬁslg8 ?ﬁ?ge% |§§Ef\gl rTE(‘)r%t ﬂ&bes%a s (50%

- conversb ony. 7T 20 .08t (s 9lS, . I4l4t e¢d, vaH)h, h;e&anQSepw@ts,hed wi t h aqueous

EDTA sol ut iﬁp dr| ec{S I\/%%O‘él)6 qsnld (S'ncept rat ed ( 15) .

. 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 (CDCl;) & 1.26 (d, 6H)
1.43, (s, 9H), 3.25 (septet, 1H), 4.58 (s, 1H), 7.30
(s, 1H).
Debutylating 5,5'-di-t-butyl-3,3’-diisopropyl-6,6'-
dimethyl-2,2’-biphenol

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

dryness. The residue was chromat ographed on silica gel to1gimgy§,d% g (34%
based on conversion) of pure diner

5,5'-D -t-butyl 3,3 -di-isopropyl, 6,6 -dinethyl-2,2" 25 bi phenol, np
105-108 _C. H—NI\/R(CDClB) 8 1.26 (d 6H) 1.43, (s, 9 3.25 (septet, 1H),
4.58 (sWAHMBH 30" (s, 1H). Debutyl ating I_IL)CT/US02/35781

55 -di-t-butyl-3,3 -diisopropyl-6 6'- dinethyl-2,2"-bi phenol 30 A 500-n.
resin kettle equipped with mechanical stirrer and condenser was placed in
an_oi | bat Myfideachah 6eshWir 183 SadlciftMXbUEipl] halypdh -PUly! -

3,3 -diisopropyl -6, 6 -dinmethy |§§259a 9 phenol Bng%lﬂf 3 yfg May 2006 WO

03/ 045884 HOF USBLRBS @S H@dﬂ@cér%oﬂ%@l*@@nvl By3 gatt—chromat ography

?22:3?/2:0; té&ﬁrﬁ#ﬁe%%%ﬁﬁﬁi&%%}:bq?h%ngw yl51 fgolsq.lgnesul fonic acid was

chargeds artbluksesukfonis wasd heatatingedl3efd ¢ enixtureheass, gas

chr omat ogr gph apal sh xture cont ai ned 11. 6% fully
debut yl at eghpp)régg g ]Y:gd% Pgoprdgy o6 % -9 PatogBabiy phenol : 2. 7%
nDno-debut)dnaﬂydlgrﬁmbmﬂd dﬁe-hxﬁﬁhre contained 11.6% fully

but yl - i SO 6,6 -di nethyl -2, 2" -Dbi Ehenol and. 0. 3% unreacted
BRERpaC aﬁmdél ok ¢ B ot HiSGRTBPY1 -6, 6 “dimethyl-

2, 2" -di hydrgxy- Blﬁaexdﬂ -SQQWQprn&c@butériaééﬂeﬁfUdL@tph@nyiz Under an
at nospher e _of nltrog Br2 (3.36 0652 mol) in CH2C12 (5 nL) was

- added dPophusElrd X @423@2209%06:@:) d4methybn2 ot '@lP'hEEPhycFrl’&(y 3,3 -
~di'i sopr opylg §e5uafl JEtdy ShLpheRy Imd8,488.9. 0. 0217 20 nol). The resulting

m xture was stirred at room

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
MgS0O,;. 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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washed with 10% NaHSC3 (3 x 50nL) followed by brine (2 x 50 nL)%ané?dried
over ~MgSO4. The sol vent was renoved under vacuumto afford 25 an orange
oil, which was purified by colum chronatography (silica gel, 10%

Et OAc/ hexane). Yield of light-brown solid was 3.95 g (40% . 'H NWR
(CsD6): 1.07 (d, 6H), 1.89 (s, 3H, 3.17 (m 1H 4.30 (br s, 1H), 7.52
(s, 1H). 30 10 May 2006 5 Clains: 1. A process for nmking a conpound of the
formulal HO HO I 10wherein RL is Cl toClOprimary or secondary al kyl or
cycloal ky, aims€l to CLO primary or secondary, alkyl or cycloal kyl, and
15X is H d7TBr,or I, conprising: (1) when Xis O (a) chlorinating a
conmpound of the formula 11 20 Il at the 4-position thereof. to produce a

conpound of. {he fﬁ”ﬁggéégglféi making a compound of the formula I

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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0 x 2511l - 25 10 May 2006 5 10 15 wherein X is O, (b)gyiHaigogel y

coupling the conpound of the fornmula Il wherein Xis C to produce a
conmpound of the fornmula | wherein Xis d; (2) when Xis H (a)
chlorinating a compound of the fornula |1 at the 4-position thereof to
produce a conpound of the fornmula Il wherein X is O, (b) oxidatively

coupling the conpound oﬂ t he forn§¢f 1l wherein Xis C to produce a
conpound of the formul B*F hRRi+SX¥+s a, and (c) dechlorinating the

compound of the fornuig) ! ¥REALE Nvel ¥ ScShpl PnPr O CERpoGIMOE NG Of the
- formula | wherein X'is H and 20 (3) when X iS Br or I" (a) chlorinating a
conpound of the formula |Ifarmihe Hlhosherobn theredil two proodiee: a

conmpound f the formila e é&ﬂé‘g% éﬁec%érégﬁét? ﬁﬁg£g§AY£|¥éCOUpling
t he conpound of the ‘ ,
: ' 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 comppund 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 ' '
1(d) substituting Br or I, respectively, for

H at the 5 and 5’ positions of the
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formula 11l wherein X is Cl to produce a conpound of the figmmul shgg Wherein

Xis d, (c) dechlorinating the conpound of the 30 formula I erein Xis
Cl to produce a conpound of the formula | wherein Xis H and (d)
substituting Br or |, respectively, for Hat the 5 and 5 positions of the

- 26 10 May 2006 conpound of the formula | wherein Xis H 5 2. The
process of Claim1l wherein | oripat.in St i arried out by
reacting the conpound of foérér}n%ogﬂuflovﬁf}he g%?%?‘i%ﬁae ](S)r%?ﬁefjtﬂ Thloride. 3.

The process of claim2 wherein the chlorinating 10 step is carried out in

the presence of at |east one catal yst selected fromthe group consisting of
al um num chloride and diaryl sulfide. 4. The process of claim3 wherein

the diary) sl Ml de Brdcedh ReRIa sl d Iifordin TR ROPRESS, ;A a1 m 1
wherein the oxidative coupling step is carried out by exposing the
conpound ofsted m# Fanuigc cant imprre@Ediingallte igomppoldrgf 2bapnet i ¢

sol vent. 6. RrOocess af claim erein.the jron (111) salt 1is ferric
chloride. 2 E?%ﬂ%ﬁaéﬁ%%%§§aor‘ﬁé;€ﬁ¥¥%M? ﬁ%4qmadechlorinating step is
carried out by contacting the conpound of fornmula |I wherein Xis O wth

hydrogen, a_formate salt and a nickel or palladi umcontaining catalyst. 30
8. A process-for IRk PK§ESSompoGA@ 18T 2 Wbeisrimultdy ¢hlorinating

10 step is carried out in the presence of at least one
catalyst selected from the group consisting of aluminum

chloride and diaryl sulfide.

4. The process of claim 3 wherein the diaryl sulfide

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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- 27 10 May 2006 |V Swherein ClOprimary or secondary al kylipaayRiodes Cl to
cycloalkyl, R4 is Cl to Clo primary or secondary al kyl or cycloal kyl, and
10X is H d, Br,or | conprising: (1) when Xis H(a) alkylating a H--0 15
conpound of the formula VV at the 4-position thereof to produce a
conpound of the formula VI HO 20 P VI wherein RBis ¢4 to C20 tertiary
al kyl, '(b) oxidatively coueling the conpound of the formula VI to produce
a conmpound of the formulaizl1l - 28 10‘@hy 2006 5 10

0

Iv
wherein
5 R'is C; to Cy primary or secondary alkyl or
cyCloalkyl,
R? is Ci to Cyo 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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VI1 (c) dealkylating a conpound of the fornula VIl to prong@a npound
of the formula 1V wherein Xis H and (2) when Xis O, Br, 6??

al kylating a conmpound of the fornmula V at the 4- p05|t|on thereof to
produce a conpound of the fornmula VI, (b) oxidatively coupling the
conpound of the formula VI to produce a conpound of the fornmula VII, (c)
deal kyl ating a conpound of ,the fornmula 15 VIl to produce a conpound of the
formﬂaZOIvameH1X|sV4 mﬂ(d)sﬂmhtuhngCﬁ Br, or I,
respectively, for H at the]5 and 5' posijti ons of the conpound of the
formula IV wherein X i &' . The process o Claim 8 wherein the

al kylating step is carrig the conmpound of the formula V
with a tert-al kyl halide Zate preseneg sg? a Lewis 25 Acid catalyst. 10.
The process of claim?9 wher Bi n Fhe 6w sTAci d catalyst is zinc chloride or
al um num chloride. - 29 10#*May 2006 11. #The process of claim8 wherein the
al kyating step is carried out Ry reacting the conmpound of the fornula \Y
with a 2,2-dialkylethylene in the presence of an acid 5 catalyst. 12. The
‘process of claim 8 wheic@i ndehéd kgteddhigve compphingg oft epel Sogmnuibed out by

'exp05|ng5the conpound

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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of the fornmula VI to oxygen and a copper diam ne 10 catalythM%F% oghe
process of claim8 wherein the deal kylating step is carried %
contacting the conmpound of the forrmula VII with a strong acid. 15 14. The
process of claim 13 wherein the strong acid is selected fromthe group
consi sting of aIkyIsquonic acid, arylsulfonic acid, sulfuric acid,

phosphoric ?ﬁ gnd alunlnun1chlor|de 20 15. A process for making a
conpound of the fOPFUPROFCESHPE\C1aEn ol \weeksir B RRLK¥AENG SteR primary

or Secondar yial kube0eq el opl Kihert By o0 Clodily Sk L TR @Emgegondary

al kyl or cycloalkyl, and X1s H, onprising: - (a)
OX|dat|ver Eoﬁﬁthn@ %;%nﬁ?@hh@ﬂ@thYlﬂnefxnrﬂheiQﬂQSthﬁ)oilan aaghter ei n X
is d, tg H%ﬁ gccompound of the formula I wherein Xis O, and (b)
dechlorlnatlng conpound of the

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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formula | wherein Xis O to produce a conpound of the formmMa, doogherein X
is H 16. The process of Caim15 wherein the oxidative coupling step.is

carried out by exposing the conpound 15 of fornula 111 to an iron (I11)
salt in a polar, aprotic solvent. 17. The process of Claim 16 wherein the
iron (111) salt is ferric chloride. 20 18. The process of C aim 15 wherein

t he dechl orinating S ' t 0 ting the co ond of
formula | wherein X |s?§ﬁ Ogﬁaﬁ§§9%§g c8Y for%ﬁ%eéég?? qé ni ckel or
pal | adi um cont ai ni ng cat al y§brmula III

H

\

Q

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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