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WO 03/ 045885 PCT/ US02/ 37305 TI TLE

3- ALKYLATED-5,5',6,6',7,7', 8,8 -OCTAHYDRO 2,2' 5 BINAPHTHCQ@H?inOOG

3,3 - DI ALKYLATED-5,5',6,6',7,7',8,8 - OCTAHYDRO 2, 2' - Bl NAPHTHCOLS AND

FEOCESEE,% MAKI NG THEM FI ELD OF THE | NVENTI ON Thi %CT{US&:?M:&O%” relates to
e co 3fs 3 10

al kyl at ed- 5, 5' 6,6',7,7",8,8 -octahydro-2, 2' -bi naphthols and certain

3,3'-dialky|ated-5,5',6,6',7,7',8,8'- oct ahydro- 2, 2' - bi naphthols and to

processes for naking 3-a|kylated- and

3,3 -dial kyl ated-5, 5", 6, 6' BLBLE ¢t ahydro- 2, 2' - bi napht hol s,

general | y. 15 RAGKGROIB, @F EFE- JNYENE| . ohassiie-ous: based |igands are

useful as part of .the catalyst systen1|n |ndustr|ally i mportant reactions
such> as Wﬁﬂ#Bﬁ%ﬂQﬁﬂzﬂﬂnoﬁ ahdPTRIdF G FBRaP i Dhv. 6 e 7u§éi§b320 | i gands i ncl ude

phosphi n pjﬂsﬁgp ﬂﬁgﬁ@@%o gP PCT pat ent
appllcatlggT 2/8 ﬁ%? an gg??%%%?%@% Sﬁ nono( phosp grous) | i gands
and bis(phosphorous) ligands are utilized in the art. Mno(phosphorous)

| i gands are conpounds thath .ﬂ1Tﬁ 2 Né. phosphorus at om whi ch serves
as a donor to a tran5|t|Oﬁ-ggégL——wﬁrie—gﬁgégkosphorus) i gands, in
..general, conthis iﬂﬁbﬂﬂﬂb&ph@lﬂﬁeﬂ@ﬂﬂth@tGﬁﬁpéﬁﬂtldhwaGal|y formcyclic
chelateéﬁéﬁﬂctures with tran3|t|on 30 Prﬁfesses for the .

preﬁ&rat 8Fe§ 312 i aﬁkyV octagygro inaphthols

5,5, 6, Ghd/ cé:t8i813 00t @h&@kﬂ@ne’a sblsna@hthOivS; MWlgirke their
3- aIkyI 55,6,6 ,7 ‘7', 8,8 -octahydro- , 2
; octahydro ,2'-binaphthols and to processes for making

© 3-alkylated-, and 3,3'-dialkylated-5,5',6,6',7,7',8,8'-
octahydro-2,2'-binaphthols, generally.
15
BACKGROUND OF THE INVENTION

Phosphorous—based ligands are useful as part of the
catalyst system in industrially important reactions such
as hydroformylation and hydrocyanation. The useful

20 ligands include phosphines, phosphinites, phosphonites,
and phosphites. See PCT patent applications WO 99/06148
and WO 99/62855. Both mono{phosphorous) ligands and
bis(phosphorous) ligands are utilized in the art.

Mono (phosphorous) ligands are compounds that contain a

25 single phosphorus atom which serves as a donor to a

transition metal, while bis(phosphorus) 1igands, in
general, contain two phosphorus donor atoms and
typically form cyclic chelate structures with transition
metals.

30 ' Processes for the preparation of 3,3'-dialkyl-
5,5',6,6',7,7',8,8'-octahydro-2,2' -binaphthols, unlike
their 3—alkyl-5,5',6,6',747',8,8'-octahydr0m2f2'--

binaphthol analogs, appear in the literature. = One such

process, - disclosed in J. Chem. Soc., -C 1971, 23, teaches




bi napht hol anal ogs, appear in the literature. One such process, disclosed
~inJ. Chem Soc., C 1971, 23, teaches 20 April 2006 WD 03/ 842a88b2006
PCT/ US02/ 37305 the preparation of 3,3 -di-t-butyl-5,5,6,6",7,7"8,8"-

oct ahydg,n- Pl napht hol s by the coupling of 3-t-buty]-
WO fosan RS

5,6,7,8-te ydr o- 2- napht hol using potassiumb5 ferri

FeCl3- based nethods with yields of only 25% and 6% respectively. Al so

di sclosed is the coupling of 3-t-butyl-5,6,7,8-tetrahydro-2-naphthol to
gi ve 3, Xhdipriephubylod.df 3636-a¥-d-buftyd'-506t abyelr o7 2,43, 8+ bi napht hol can be
carried out wwth a |large excess V02 10 (20 tines in weight). Another

pr ocess,°HidwAgeed ¥ - HAeRheRehs e dle cowpFng 2t Sdobut®hches the

coupl i ngs o, 73 84 i PRASM - 20 nBpKei®st aldidby gheadef@pht hol to give 3,3',4,4"-
tetramethyl-5,5,6,6',7,7",8, 8 oct ahédr 0-2,2' 15 binaphthol with 43%
yi el §. Jewyigyaghéen and FeClydaspgBmethpde| whids wieddgr eparmslit on of

-3, 3" -di mathyl g 5'%;@ L7148, B4 -2, 2o -[i.napht hol by Li Al H4
reduction o% 3, g'%i di rgr?ér‘rré%ﬁyl ?A%é%éhﬁ%%%&%&# 8,8 - octahydro-2,

2' - bi naptipdling20f Ther-eutas -beén’ - teggahiydiro- 2 heaghthod. a0t regarding acid
catal yzed al kylation of 5.5.,6,6.,7,7 .8, 8§ ;,0cta 0-2, 2. - bi naphthol to
pr oduce BVl Iéy:3 %1 %é’téfl ?’g ’,%‘,%"-77(5& aﬁy%roqﬁag%%Pﬁgp%thol s or 3,3 -

di al kyl tEraph6h6l , dary ' faretédhydy eri2h2a- bahgphdxtrelss. Mad2 Aci d cat al yzed

al k Iati&n of, ghenol S 1S known. For exanple, U S. Patent 4,912, 264
di sdPose¥ h&LBFEpYT WSHEE) cat al yzed phenol and napht hol al kyl ation. U.S.

‘Patent - Another process, disclosed in Acta Chem. Scand.
1970, 24, 580, teaches the coupling of 3,4-dimethyl-
5,6,7,8-tetrahydro-2-naphthecl to give 3,3',4,4'-

- tetramethyl-5,5',6,6',7,7',8,8'-octahydro-2,2'-

15 binaphthol with 43% vield. J. Qrg. Chem. 1978, 43, 1930
discloses the preparation of 3,3'-dimethyl-
55',6,6',7,7',8,8"'~-octahydrc-2,2'~binaphthol by LiAlH,
reduction of 3,3'-di({bromomethyl)-5,5',6,6',7,7',8,8'-
octahydro-2,2'-binaphthol.

20 There has been no report in the prior art regarding

| acid catalyzed alkylation of 5,5',6,6',7,7',8,8'-
octahydro-2,2'-binaphthol to produce 3-alkyl-
5,5',6,6',7,7',8,8'-octahydro-2,2'-binaphthols or 3,3'-
dialkyl-5,5',6,6',7,7'8,8'-octahydro-2,2'-binaphthols.

25 Acid catalyzed alkylation of phenols is known. For
example, U.S. Patent 4,912,264 discloses heteropoly acid
catalyzed phenol and naphthol alkylation. U.S. Patent
2,733,274 discloses cresol sulfonic acid catalyzed
phenol alkylation. J. Am. Chem. Soc., 1945, 67, 303

30 discloses aluminum chloride catalyzed phenol alkylation.
Industrial and Engineering Chem., 1543, 35, 264
discloses sulfuric acid catalyzed phenol alkylation.
Friedel-Crafts alkylation of aromatic compounds has also

‘been reviewed. For example, see 0lah, G. A. Friedel-

- 2 -




- 2,733,274 discloses cresol sulfonic acid catalyzed phenol alkylation.
~Am Chem Soc., 1945, 67, 303 30 discloses al um num chl ori gg@@ﬁ%%zed
phenol al kylation. Industrial and Engi neering Chem, 1943

di scl ospg§ ofigsbdsdri c aci d catal yzed phenol al kyl ati on. Pdfos@ﬁ;ﬁh(rsCf afts
al kyl ati on of aromatic conpounds has al so been reviewed. For exanple, see

Aah, G A Friedel - 2 20 April 2006 WO 03/045885 PCT/ US02/ 37305 Crafts
and Rel ated React | ons, Wley-Interscience: New York, 1964, Vol. Il, part
I, Robeereft$2aad|Rad@wed}@¢a@¢1qq6kyWaﬂﬁwnlqﬁ@ﬁ$@#aaﬂe :MaNe®| - Dekker, 1984,

and Margh,. J. Adyanc %gqn ry 100, L ey

I nt ersm%ﬁce 19[\@%/ \q{kﬁ ?gg . pp '5%—3%8%' R}'Eéizenll:ﬁlﬂ'll%%elt t E'\%gs di scl osed that
rare eahlkyhetian alremihlsunypnmﬂwﬂeﬁakkenat eseas a/vai ¢Mertbl efant Lewi s acid
catal ys can_ be uti fts a Iati on 10 of benzene and

phermbl dRYF ¥R \Pé?"’\ﬁth g‘é’%%tcﬁi/l‘ al &% r‘}‘é’phan uYT onates. See SynlLett,

1998, 2hbcedbfiande : Sy ests, 1939999pp69346@§9 it is not practical to use
Li AlH4, a | arge excess of even a stoichi gnmet gaﬁ anount of

pot assi um 15R§ENtYy apf dersd y]it,S&FLPﬁeéth?Edﬁ%’E? A reparations of

al kyl at ggh i@ nahesu i ditishakswa Sue b d1 PFaREIBwivoskdi be expected to
generate a | arge anount of byproducts. Therefore, a_need exists in the art

- for a %#%ftlmsct@l candbgewerldizade i RoBri edpt ofer 1 2dMNyPAI®Y 20
530014 e BB L e oS
methanesulfonates See SynlLett, 1998 255-256 and
Synthesis, 1999, 603-606.
It is not practical to use LiAlH,, a large excess of
MnO,;, or even a stoichiometric amount of potassium
15 ferricyanide to carry out industrial scale preparations
of alkylated, hydrogenated binaphthols. Such a proéess
would be expected to generate a large amount of
byproducts. Therefore, a need exists in the art for a
practical and general method to prepare 3-alkylated- -
20 5,5',6,6',7,7',8,8'-octahydro-2,2*-binaphthols and 3,3"'-
- dialkylated-5,5%',6,6',7,7',8,8"'-octahydro-2,2"'- '
binaphthols.

SUMMARY OF THE INVENTION

Disclosed herein, there may be provided 3-alkylated-5, 5°, 6,6, 7, 7', 8, 8'-

octahydro-2,2 ' -binaphthols of the formula (1) and 3,3'-
dialkylated-5,5',6,6',7,7',8,8'-octahydro-2,2'-
binaphthols of the formula (2),




. bi napht hol s. SUMVARY OF THE | NVENTI ON Di scl osed herein, there may be

provi ded 3-al kylated-5, 5, 6, 6', 7, 7', 8, 8 octahydro- L =phdpapht hol s

of the fornmula (1) and 3, 3' - L?OKpnpid?)% :

di al kyhpd gslgasesd’ . 6,6, 7, 7', 8,8 -octahydro-2,21- bina ,Eﬁb 875k the fornula

- (2), 20 April 2006 WO 03/045885 | 2 PCT/US02137305 CH R Ris Cl1 to C20

al kyl, C3 to C20 cycl oal kyl, or benzyl of the fornmula wherein each R is

i ndependently H, al kyl or cycloalkyl of up to 6 carbons; provided that in

~formula (2), whensR s alRyl, the alkyl st be o Mer than methyl or t-
butyl. In a fiég ovi des A conpound of the

¥ Cty” the present iny
formula - 4 20 306 wherein: R if 0 alkyl, C3. to C20
Bz of>=0he fornmul a CH2_wiRegefT

cycl oal kyl, or7% hR is i ndependent |y

~H, alkyl or cycloal kyl %f up to 6 carbons; ‘/or a conpound of the
fornula 2 2
6 OH OH
7!
8! 4'.
1 2
wherein
R’ R’
R' CHy—
R R

R is C; to Cy alkyl, C; to Cyy cycloalkyl, or benzyl of
the formula

~wherein each R' is independently H, alkyl or cycloalkyl
of up to 6 carbons; provided that in formula (2), when R
is alkyl, the alkyl must be other than methyl or t-
butyl.

In a first aspect, the present invention provides

A compound of the formula




- wherein Ris ClL to C2o al kyl other than nethyl or t- butyl, C3 to C20
.cycl oal kyl ; or benzyl of the fornmula CH2 wherein each R i%p%ﬁgpﬂﬁﬁdently
H, al kyl or cycloal kyl of up to 6 carbons. a 20 April 2006 1h a second

aspect, the present invention provides a process for meking 3-al kyl ated
5/5,6,6',7,7,8,8 -octahydro-2,2'-binaphthols and 3, 3' -

di al kyl ated-5,5',6,6',7,7",8,8 -octahydro-2,2'- binaphthols by contacting
55, 6" eF%%%“,S,S'-octahydro- 2, 2' -binaphthol with at | east one al kene
~or cycRops k@neol 0yt BEkPI £3BNEd 0f, afcBealkyaat akybéngyioMms al um num
chloride, _trifluoromethanesulfonic acid, tosylic acid, phosphotungstic
aci d, &f¢ikJiMHGstic acid, phosphonol ybdic acid, zirconiumor alum num
triflate, polyneric perfluorinated sulfonic acid (such as the DuPont
material sold as Nafion) and polyneric sulfonic acid (such as the materi al

sol d by ARQrichRas Anberlyst 20 April 2006 15 ion-exchange resin or the
mat eri al \ d Dow as Dowex 32). In a third aspect, the present '
i nvent |

, ﬁ process for making 3-al kyl at ed- :
5,5 ,6,%", 3, 8“-'@ct ahydr o- 2, 2' - bi napht hol s and 3, 3' - :

di al kyl atedt 5, %' ,6,6',7,7',8,8 -octahydro-2,2'- binaphthol s-by contacting
5,5",6,6'R", 7' R 8 -octahydro- 2,2'-binaphthol wi th' benzyl halides or
tertiary al kyl halides, wherein the halides are brom des or chlorides in
t he presence of a Lewis acid catal yst, such

: _'whergin each R' is independently H, alkyl or cycloalkyl

of up to 6 carbons; and/or a compound of the formula

_wherein R is G to Cu alkyl other than methyl or t-
butyl, C; to Cp cycloalkyl, or benzyl of the formula

'R! l. .Rl

wherein each R' is independently'H, alkyl or cycloalkyl

of'up to 6 carbons.

- 4a -




as alum numchloride or zinc chloride. In a 4th aspect, the present

i nvention provides a process for nmeking 3-al kyl at ed- :
5,5',6,6',7,7",8,8" -octahydro-2,2'-binaphthols and 3, 3' - 20 April 2006

di al kyl at' e-8-5,5",6,6",7,7', 8,8 -octahydro-2,2' - binaphthols by contacting
5,5',6, 6", 7,Iid'as808d aspetbiiiy dictent Bventio Napht hol wi th al kyl sul fonates, alkyl
“triflates, alkyl benzenesul fonates, or alkyl p toluenesulfonates in the
presenggoyfidan acprbozalfpst mgkimrtedlkydmtelde group consisting of al um num

chloride.,tasyligc acid, phosphotungstic.acid, .silicotungstic acid,
phosph%ﬂgl‘ygd¥c’g’c d’,Bd‘tBr i"PFggg%c&@?%aﬁe§alpaﬁ?‘5hai?@%4133' Fare earth netal
trifl attdalrelecé® s f90m,6Re707 OUP, LoRRItShivago0h , scandi um '
trifluoromet hanesul fonate, ytterbium "trifl uoronethanesul fonate, and

| ant hatiRPPRFRPLR Bt EAEEING chdt'e 6 161 . 7i' § B8 Asprettahyd®e pr esent

i nvent i,of _ I for ki 3-al kyl at ed

515 626 9N R EEE DS DB S 81 and 3, o -

di al kypaesdnse 3L g6 'acid7cagabystocuahy dsoalu@inubiclalshtikdel, s by contacting
5,5',6,6. 7. 8' - hydro- .2, 2' - bi napht hol. wi t h benzyl al cohol, or
second§?§f%?° %ﬁ%ﬁ%ﬁ%ﬁ%&ﬁ?8ﬁg Wi ai fPy 1Erﬁﬁ* “to 20 carbon atoms, in ‘the
pr esenphogphetrurastd cc alcdlly séi kirloetiedtikr geidhe group consisting of
aIuninug1cqgoridiﬁftrifLHoronethanesquonic_acid,.sulfuric acid, HF and
phosphBPPEPRIRYLYRAIS asgda3TCoR3dlR oficr barbawsdy dplrs02/ 37305 In a
sixth pspasdsid Fﬁ&%@ﬂﬁa&éaf%tweﬂierQaiéeés@c&%@%ad of the formila 5

wherein: Ris and R is ethyl, C3 to C6 secondary, tertiary,” or cyclic
DuPont material sold as Nafion®) and polyweric sulfonic

acid (such as the material sold by Aldrich as Amberlyst®

- 4b -




al kyl; or a compound of the above fornmula wherein 10 R and R are the sane

and are selected fromthe group consisting of ethyl, C3 tgogg)rﬁ%@dary or
~cyclic alkyl. Preferred conpounds are those wherein R and re e same

are selected fromthe group consisting of 15 ethyl, isopropyl, cyclopentyl,
and cycl ohexyl . DETAI LED DESCRI PTI ON OF THE | NVENTI ON The al kyl at ed
~5,5',6,6',7,7",8,8 -octahydro-2,2'- binaphthols of this invention nay be
prepar 88 bHyn-2xcdidageatriesinobr St1s B t@Erial7'sp8 d8byobbaehyslr o- 2, 2' - bi napht hol
in theypr of a catalyst, as shown below 20 April. 2006 WO 03/045885
Al kyl ating agent” | H catal yst 1 PCT/US02/ 37305 2 The starting material,
5,5, 6,6, hathirBasBeot, the Medcativingon?, 2' - bi napht hol , can be obt ai ned by the
hydr ogenatij on of 2, 2' -bi napht hal wusin 02 catalyst, as described in
Tetraﬂ% Of et PTP§§YS Eﬁgsﬂ‘a f?r'g}?%?ﬁ'&%@s‘ aspect of the present

i nvents o3v , 6,% '3 7RI70G @58 1 FectAMardg2abkyb #h8ghPLél s 6af 37 3%, 8, 81- 10

oct ahydrq-2, 2' - hi nagt}t hol s by an acid-catalyzed, selective al kyl ation of
5,5, glglkylated-§. 54cf abydfo-' -8, 8" -BrhabydFet2 3" al kenes or cycl oal kenes

in tr“binaphthols by contacting 5,5',6,6',7,7',8,8*-octahydro-
2,.2'-binaphthol with benzyl halides or tertiary alkyl
halides, wherein the halides are bromides or chlorides in the presence of a Lewis acid catalyst, such
as aluminum chloride or zinc chloride.

In a 4th aspect, the present invention

provides a process for wmaking 3-alkylated-
5,5',6,6*,7,7',8,8'-octahydro-2,2'-binaphthols and 3,3'-
dialkylat&d-5,5',6,6,7,7,8,8' -octahydro-2,2 '~
binaphthols by contécting 5,5',6,6',7,7',8,8'-octahydro-
2,2'~binaphthol with alkyl sulfonates, -
alkyi triflates, alky!l benzenesulfonates, or alkyl p-

toluenesul fonates in the presence of an acid catalyst

selected from the group consisting of aluminum chioride, tosylic acid, phosphotungstic abid,
silicotungstic acid, phosphomolybdic acid, trifluoromethanesulfonic acid-and a rare earth metal triflate
selected from the group consisting of scandium trifluoromethanesulfonate, ytterbium

trifluoromethanesulfonate, and lanthanum triflucromethanesulfonate.
In a fifth aspect, the present invention

provides a process for making 3-alky1ateél-'
5,5',6,6*,7,7',8,8'-octahydro-2,2'~-binaphthols and 3,3'-
dialkylated-5,5,6,6',7,7',8,8' -octahydro-2,2" -

binaphthols by contacting 5,5',6,6',7,7*,8,8"~octahydro~
2,2'-binaphthol with benzyl alcohol, or secondary or
tertiary alcohol containing from 3 fo 20 carbon atoms, in the presence of an acid catétyét selected

- from the group consisting of aluminum chloride,

trifluoromethanesulfonic acid, sulfuric acid, HF and phosphoric acid.




presence of an acid catalyst. The acid catal yst may be a Lemﬁs acid or a
protic acid. Suitable catalysts include 15 the follow ng: %%ﬂz 06
trifluoronmethanesul fonic acid, tosylic acid, phosphotungstlc aci
- silic acid, phosphonol ybdi c acid, zirconi nun1tr|flate,
polyng%§@9%%¥ Iuorlnated sulfonic acid (such as theqqﬁgqerféﬁ;sold by
"DuPont as Nafion(r)) and polynerlc 20 sulfonic acid (such as the materi al
sold by Aldrich as Anberlyst(r) 15 ion- exchange resin or the material sold
by Dow as W@?W)tb‘e prﬁ?@%‘ﬁ?‘?@f'%@‘ﬂqeéaam dis preferred. The al kenes
i ncl ude nonoe | e |c | | nsaturated conmpounds containing from3 to 20
car bon§°™ @Wﬂhi§§ ﬁéP but ene, pentene, hexene, cycl opentene,
cycl ohexene, etc. The reagtlon omycbe caRried out at 20C to 220C,
preferably at 90C to 180C yahkeh none==ubstituted or 1, 2-disubstituted
al kenes are utilized as # at i ng gents, and 40C to 90C when 1,1 - 7
20 April 2006 WO 03/04588% ’\ 95 dlsubstltuted trl-substltuted,

i odfal kenes are utilized as al Kyl ati ng

tetra-substituted or ary
: ¢ carried out 5 neat (wthout
it ronet hane, nethyl ene chlori de,
[

reagents. The al kyl ation
solvent) or in inert sol

dichloroethane chl or-oben . di oY obenzene, nitrobenzene or a
' g? nﬁﬁ of t hese sol vents. O her solvents such as benzene, tol uene,
xylene nay al so be used, but the 10 sol vents may becone al kyl ated. Wen

the bak lisngi;pendt of the al kene is | ower than the reaction t enper at ur e,
R’ is ethyl, C3 to Cg secondary, tertiary, or cyclic
alkyl;
or a compound of the above formula wherein
10 R and R’ are the same and are selected from the group
consisting of
ethyl, C3 to Cs secondary or cyclic alkyl.
Preferred compounds are those wherein R and R‘ are
the same are selected from the group consisting of

15 ethyl, isopropyl, cyclopentyl, and cyclohexyl.

DETAILED DESCRIPTION OF THE INVENTION

The alkylated 5,5',6,6',7,7',8,8'-octahydro-2,2"'-
binaphthols of this invention may be prepared by
20 alkylation of 5,5',6,6',7,7',8,8'-octahydro-2,2*-
binaphthol in the presence of a catalyst, as shown

below.




the reaction may be carried out in an autoclave or by feeding the al kene
at at nosphere pressure. The reaction may be carried out i? %&ﬁ?ﬂé | ave
when the boiling 15 point of the solvent(s) is |ower than %e reaction
tenperature. A | arge excess of al kene over bi naphthol i ves doubl e

al kyl at 8@ 9/06%85% 6' 7, 7', 8, 8' -octahydro- 2, 2' - bi naph®Pk&{USO%§#%e about two
“equivalents or less of alkene (relative to

5 5,6,6',7,7",8,8 -octahydro-2,21- 20 bi naphthol) gives both nono and
doubl e al kylated 5,5',6,6',7,7",8,8 -octahydro-2, 2" -bi napthols.  The

second pr. aspect of the prese ention is~aprQeess for nmaking

al kyl ate 6,61,7,71,8,81- oct '-bin the reaction of
25 5,5, ¢ 77O, Mkyiatirigaduyesit o- 2 \ hal | halide or
tertiary al ky] hali ' sence [of a Leis acid catal yst. Suitable
cat al yst g @ onhe FFYSwi ng: g rOBh| or i ¢ dthl ori de, boron
trichlor mCl 4, SbCl5, and Zr( c chlori 2Q preferred.

Sui t abl e des are brom des and chl orides. The reacti oR may be carried

out at 0OC to 100C, preferably at 20C to 80C. The alk¥lation reacti on may
be carried out in inert solvents such1as ni t romet hane® nethyl ene chlori de,
di chl or oet hane, chl orobenzene, - 8 20 April 2006 WD 03/045885

PCTI US02/ 37305 di chl orobenzene,_ nitrobenzene or a conbi nation of these

sol vents. O RBf ¥ARMEs "eherialy FertZefe® 1t liee8'and xyl ene may al so be
useds bYcthBgasolyent $imBYPhPREPMan dkkybed ftha Werpkertiary al kyl halide

I s used as an
hydrogenation of 2,2'-binaphthol using a PtO, catalyst,
as described in Tetrahedron Lett., 1997, 5273.
The first processg aspect of the present invention
is a process for making alkylated 5,5',6,6',7,7',8,8'-
10 octahydro-2,2'-binaphthols by an acid-catalyzed,
gelective alkylation of 5,5',6,6',7,7",8,8'-octahydro-
2,2'-binaphthol by alkenes or cycloalkenes in the
presence of an acid catalyst. The acid catalyst may be a
Lewis acid or a protic acid. BSuitable catalysts include
15 the following: AlCl,;, trifluoromethanesulfonic acid,
tosylic acid, phosphotungstic acid, silicotungstic acid,

phosphomolybdic acid, zirconium or aluminum triflate,

polymeric perfluorinated sulfonic acid (such as the
material sold by DuPont as Nafion®) and polymeric

20 sulfonic acid (such as the material sold by Aldrich as
Amberlyst® 15 ion-exchange resin or the material sold by
Dow as Dowex 32%). Phosphotungstic acid is preferred.
The alkenes include moncethylenically unsaturated
compounds containing from 3 to 20 carbons, such as

25 propylene, butene, pentene, héxene, cyclopentene,
-gcyclohexene, etc. The reaction may be carried out at

20°C to 220°C, preferably at 90°C to 180°C, when mono-

subgtituted or 1,2-disubstituted alkenes are utilized as

'alkylating reagents, and 40°C to 90°C when 1,1-
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al kyl ati ng reagent, the reaction is very selective towards nono-al kyl at ed
55,6,6',7,7",8,8 -octahydro- 2,2'-binaphthol even when sgyg%ﬁh 00
equi val ents excess of tertiary alkyl halide are used. However, %ou le 10
alkylatﬁﬁ)SIS' 6,6',7,7 ,8,8 -octahydro-2,2'-binaphthol eventually is
formed WORO585; ge excess of tertiary alkyl halidePfYUS2E#F%nd the
"reaction is allowed to run at higher tenperature and for |longer tinme. Wen
benzyl halide is used as an al kyl ating reagent, double 15 benzyl at ed

5,5', 6, 633 durkeiBuBea O ANILST 2rdt e RARRLIGLLsH S dt@tied when a | arge
excess of benzyl halide relative to binaphthol_ is used, while one

equi val exitylofsubgtibeted lalkgnpaeare aitatliizedt assaBwylatgng7, 7' | 8, 8' -

oct ahydr oz '~ bipap. ) :di.V edoni.napnt | ]g$ benzyl at ed
.5,5',6,6 ?%&P%,s&gﬂgo%ﬁt hférlgi}f%q&%?ln%ﬁt E%I%E.l ra’e toﬁlprd process aspect
of the mesenwithventsalvenits arpimciasytf splwaitisgEuhkpkat ed

55,6,6 ,7.7 8' - octahydro-2, 2'.-bi ngpht hol the reaction of 25
5,5',6,GDTEEOWngégeidE?éH%%éPS-ﬁg&?yﬁﬁ%nagﬁth i %frkyl sul f onat es such
as al kyl cHiridedeasehé pratc®d orabkiytend,r ifikabbenzeédd\r a-t ol uenesul f onat es,
and al kyl benzenesgég?nates Ln the presence,of an acid catalyst. Suitable

al kyl sUfe¥HResdon, 859 SPOYFRIE S REEEE- BOLXRPGHENEPN2A is CL to C8
al kyl, Qerdene8 tbuadidated alkyte énzagﬁ al8oGhe @ed,, ot feto Co

fluorinated aryl; and Bis Cl to al kyl . Suitable catalysts for
al kyli%at | gl vgntssnay pgpmey ajkyBatged.oc VaRPdERe 22 Liggnaphitol with al kyl

sul fonatgs dachygend e § REdensY Ghe?SeaLHTLAWRHAELEE, - ©
the reaction may be carried out in an autoclave or by
feeding the alkene at atmosphere pressure. The reaction
" may be carried out in an autoclave when the boiling
15 point of the solvent(s} is lower than the reaction
- temperature. A large excess of alkene over binaphthol
gives double alkylated 5,5',6,6',7,7',8,8'-octahydro-
2,2'-binaphthol, while about two eguivalents or less of
alkene (relative to 5,5',6,6',7,7',8,8'-octahydro-2,2"-
20 binaphthol) gives both mono and double alkylated
| 5,5',6,6',7,7',8,8'-octahydro-2,2'-binaphthols.

The second process aspect of the present invention
is a process for making alkylated 5,5',6,6',7,7',8,8"'-
octahydro-2,2'-binaphthol by the reaction of

25 §5,5',6,6',7,7',8,8'-octahydro-2,2!'-binaphthol with
benzyl halide or tertiary alkyl halide in the presence
of a Lewis acid catalyst. Suitable catalysts include the
following: aluminum chloride, zinc chloride, boron
trichloride, SnCl,, SbCis, and ZrCl,. Zinc chloride is

30 preferred. Suitable halides are bromides and chlorides.

B rThé reaction may be carried out at 0°C to 100°C,’
preferably at 20°C to 80°C. The alkylation reaction may
be carried out in inert solvents such as nitromethane,

‘"methylene chloride, dichloroethane, chlorobenzene,

- 8 -




20 April 2006 WO 03/045885 PCT/ US02/ 37305 and boron trifluoride, as mell as
other acid catalysts such trifluoronethanesul fonic acid, % §%J ? and
rare earth netal triflates such as scandium5 trifl uoronet hanésu ?onate

ytterbium trifluoronethanesul fonate, or |anthanum
trifluolOHEP#E¥esul fonate. Trifl uoronet hanesul foni c FETFS%AHHSscandi um
“trifluoronethanesul fonate are the preferred catalysts. Al kylation of

5,5',6,61,7,7",8,8 -octahydro 10 2, 2'-binaphthol may be carried out at 20C
t0 220Cq; B BLEEAR et n90E honIIRC orThE cakkyL ALicRN Jreagtion may be

carried out n inert solvents such as nitronethane, methylene chloride,
car bon tsetlvgohsor@ler soﬂveht@rsnnhuasebenhtnmxﬂﬂnty@ne, @ndhl or obenzene, 15

nitrobe%ei@(ﬁu lrn%y clorrblbnat Lop ogué q:%%e %?LXE{E sm%p;bgg sol vents such as

benzene Ien uased Re-sol vent s may becone
al kybat adkthEedprmfhmte@leahye ar]dqdl |hranidé bg bige@ @G's, dn7' , 8, 8' -
oct ahydrqQ-2,21- bln%§§5h0| mhth al syl f onat es varles 20 dependi ng on

st oi cho yabiRe F9BFRET ohF 5T J‘ﬁ%éﬁ VLY |S§ReEtdY¥Eess of al kyl

sul fonatt@wgwgs:n&wm&yahkaaai &xh,6,6',7,7',8,8'-octahydro-
5,5',6,61,7,71, 8,81-qct ahydr o- 2 21- blnaphthol while about 1.5 equivalents
or |essZ2of' abkyaphﬁhoﬂoﬁa?@ wher| saverelt 6a8ivalents) excegs 0B oct ahydr o- 2, 2°

25 bi naEQ&*ﬂ%}ygéMSﬁ @1&@@8@‘% %édm@ewabgy | Q:io%‘i)
5,5',6,61,7, -octahydro , 2 blnaghtho The fourth process aspect

of  fLBe - prlécyéntecﬁ it i60h '+ 3 A" :@c’e§§tfi yanedd r?gj—@lmytphﬂ@@ll
5,51, 6, Qlefrdd £ 8k f%%é@ngﬁéh % 4 axgeBROLIO 6 PX L R§atgact i on of

‘alkyl halide is used and the reaction is allowed to run
at higher temperature and for longer time. When benzyl
‘halide is used as an alkylating reagent, double
15 benzylated 5,5',6,6',7,7',8,8'-octahydro-2,2'-binaphthol
ig formed when a large excess of benzyl halide relative
to binaphthol is used, while one equivalent of the
benzyl halide (relative to 5,%',6,6',7,7',8,8'-
octahydro-2,2'-binaphthol) gives predominantly mono-
20 benzylated 5,5',6,6',7,7',8,8"'-octahydro-2,2'-
binaphthols. |
| The third process aspect of the present invention
is a process for making alkylated 5,5',6,6',7,7',8,8'~
octahydro-2,2'-binaphthol by the reaction of
25 5,5',6,6',7,7',8,8'-octahydro-2,2'-binaphthol with alkyl
' sulfonates such as alkyl methanesulfonates, alkyl
triflates, alkyl p-toluenesulfonates, and alkyl
benzenesulfonates in the presence of an acid catalyst.
Suitable alkyl sulfonates are of the formula A-SO;-B
30 wherein A isrcl-to Ce alkyl, C1 to Cg fluorinated alkyl,
Cs £tO Cy aryl, or Cs to Cy fluorinated aryl; and B is C;
to Cyp alkyl. Suitable catalysts for alkylatién of
5,5',6,6',7,7',8,8"'-octahydro-2,2'-binaphthol with alkyl

'sulfonates'include Lewis acids such as aluminum chloride

-9 -




30 5,5',6,6',7,7",8,8 -octahydro-2, 2'-bi naphthol with benzyl alcohol,
secondary and tertiary alcohols containing 3 to 20 carbon ﬁk%g?g (?6” t he
presence of an acid catalyst. Suitable catalysts include g o(l) oW ng:
~trifluoronet hanesul fonic acid, tosylic acid, - 10 20 ril 2006 WO

03/ 045888 WBR4F5502/ 37305 al umi num chl ori de, phosphot ERFIBIZETHE] d,
silicotungstic acid, phosphonolybdic acid, polyneric perfluorinated

sul fonic acid (such as Nafion(r)) and pol yrreric sulfonic 5 acid (such as

Aber |y St b roh OF £24¢108 188, r%'%l@“%s%\éﬁér a4d )&atal ystg
Trifluoromet hanesulfonic acid is preferred. Alkylati on of

5,51, 6, Guch, rriflwiransthhndeel fopic agidapheswlicvadidal esfol s may be carri ed

out at. 20C.t gargﬁ%teﬁr @Eggfﬂ s A P0Gst 90189Gm The al kyl ation 10 reaction

may be carri€d 6ut in iner vent's such as  nitronet hane, nethyl ene
chl oBi de:,rlcfanbmnetmamhluﬁonaiee vtitelrbdomet hane, chl or obenzene,
di chl or beggene i tr zene or a conpi nati on of these solvents. Oher

sol vent HoR™% ?B?tbee’n * ARG R9F8Re may al so 15 be used, but the

sol vent &myub@@maaielsmabﬂﬂte Tf'[&'lfphaﬁdlﬁét}ﬁndslﬂﬂfbﬁ@ﬁta@i’ﬁ of
5,51,6,6',7,71,8,81- qct ah¥dro 2,2' -bi_ naphthol with al cohol varies
dependi Rgd BRABTHIN (ELHG %‘H?F%W”&FPBW-? efettieupEaierth tertiary

al cohol da%a!l!?@ﬁls.as ﬂl'k%lél:lﬁb!haéf msag%ntw N0, 2@ 1abky¥Lay@h -
'5,5',6,6", 7 8' - oct ahydr o- 2, 2" - bi napht hol’p ' were obt ai ned

preél@m RaRt I'?ln@l&h%@mfsb%e?%nrleéqQWaﬁ’érﬁ%"%%@e?g06‘?: tertiary al cohol
was applieferdhly Hr9Bo8UCESS1fed.Ne TRECODRAMN At ;¥ c BgLe {58! ative to

may be carried out in inert solwvents such as
nitromethane, methylene chloride, carbon tetrachloride,
‘dichlorcethane, chlorobenzene, dichlorobenzene,

15 nitrobenzene or a combination of these solvents. Other
solvents such as benzene, toluene, and xylene may also
be used, but the solvents may become alkylated. The
product of the reaction of 5,5',6,6',7,7',8,8'-
octahydro-2,2'-binaphthol with alkyl sulfonates varies

20 depending on stoichometry and alkylation reagent used. A

| large excess of alkyl sulfonate gives double alkylated
5,6,6',7,7',8,8'-octahydro-2,2'-binaphthol, while
about 1.5 equivalents or less of alkyl sulfonate
(relative to 5,5',6,6',7,7',8,8' -octahydro-2,2' -

25 binaphthel) gives predominately mono alkylated
5,5',6,6',7,7',8,8'-octahydro-2, 2" ~-binaphthols.

The fourth process aspect of the present invention
is a process for making alkylated 5,5',6,6',7,7',8,8'-
octahydro-2,2'-binaphthol by the reaction of

30 5,5',6,6',7,7',8,8'-octahydro-2,2"'-binaphthol with
benzyl alcohol, secondary and tertiary alcohols
containing 3 to 20 carbon atoms, in the presence of an
acid catalyst. Suitable catalysts include the

following: trifluoromethanesulfonic acid, tosylic acid,

- 10 -




5,5',6,61,7,71, 8, 81-oct ahydr o- 2, 21- bi napht hol ) gave rise 25 to both nono
and doubl e al kyl ated products. Catalysts used in the proc?§§$ﬁigﬁm§he
present invention rmay be unsupported or supported. Suitable “supports

i nclude silicon dioxide, zeolites, alumno silicates, and polystyrene. 30
The conPOUBHASSHhi ch are produced by the process of FREUSIEIPAL | nvention
can be used as reactants to nake phosphorous-containing |igands that are
useful .to make catalysts that, in turn, are useful in both - 11 20 Apri

2006 V\Dafi%Qé}?ﬁ%nf’CEgdéﬁgégégﬁﬁ%&gﬁy%%! oy A xdretor vt atd o

reactions. enta s are particularfy useful. Bidentate
phosphi taeidi, gphdsplocan lybdprepaidd red ymrdesperbledrinated. Patent 5, 235, 113

by contacting. phosphorochl oridites W LR Lhe compoun nade by the
Y ocens ai1sP: fERSRE B hE NG 4™ Uahl pORRETRY EMRRBRT. Vo' 051 120 and
6, 068, 2Geidi neatpaafimdbeityetPudyion-ekenhange, reteisc mnleDswdect i ve synt hesi s

of bidentate 10 phosphite_ ligands i.n whi¢ch a phosphorochloridite is
pr epar e&zi%ﬁ-'si?ﬁlﬂr‘%ﬂﬁoﬂﬁ('igﬁﬂ%?‘g’sfs i“cAFofi 48 &ﬁfsearreﬂhenol such as o-cresol

and t hemikieat €6nidE t1&SaNE:, 7 eACl, 8N -¥essR)dMéth 2an aromatic diol to give
the bidentate phosphite |igand. The al kyl ated products of 15 the processes
of the priasphthehveiitl gdcebalpanays gscpraied F¥r ath@08Foratic diol in the

above prz%eéS-%rJMafﬂi@pQHn §odmBds 1By oEhe -Pﬁ@%q%%?%g%nthe present

i nvention cah be used to make polyneric |igands

10 reaction may be carried out in inert solvents such as
‘nitromethane, methylene chloride, carbon tetrachloride,
dichloroethane, chlorcbenzene, dichlorobenzene,
nitrobenzene or a combination of these solvents. Other
"solvents such as benzene, toluene, and xXylene may also

15 Dbe used, but the sclvents may become alkylated. The
product of the reaction of 5,5',6,6',7,7',8,8'-
octahydro-2,2'-binaphthol with alcohoi varies depending
on stoichometry and alkylation reagent used. When
tertiary alcohol is used as the alkylating agent, mono

.20 alkylated 5,5',6,6',7,7',8,8'-octahydro-2,2'-binaphthols
were obtained predominantly, even when several
equivalents excess of tertiary alcohol was applied. A
large excess of the secondary alcohol (relative to
5,5%,6,6',7,7',8,8"'-octahydro-2,27-binaphthol) gave rise

25 to both mono and double alkylated products.

Catalysts used in the processes of the present
invention may be unsupported or supported. Suitable
supports include silicon dioxide, zeolites, alumino
silicates, and polystyrene.

30 The compounds which are p:dduced by the process of
‘the present invention can be used as reactants to make
phosphorous-containing ligands that are useful to make

catalysts that, in turn, are useful in both

- 11 -




process which conprises (1) reacting the conpounds nade 20 by the
processes of the present invention with a benzyl chloride @R@ﬁi?ﬁd&g
polymer, in the presence of a Lewis acid catalyst, and (2? reacting the

product _of Fteg) (1) wth at | east one phosphorochloridite conpound in the
pr esenc¥ 0P 3%r gani ¢ base. Preferably the Lewi s aciFGI380%489| yst is zinc
“chloride or alum numchloride, and the organic base is a trial kyl am ne.

Two particularly inmportant industrial catalytic reactions using

phosphorienerRhabPi &Y dridandsossanplffidh BYdEpEyaNation and isonerization
of branched nitriles to 30 linear nitriles. Phosphite |igands are

par t i culBdeptagseppspivitepdifgapdadioMRrtIRElayHY 618pdHAt i on of unacti vat ed

and activat eg; i i Ha's Hedant gpgﬂﬂgé@ l,ef i ns) using
transition ne#gFHﬁc/%%I%@g?ﬁlwgtﬁ{érgonoder?tnatge n |egi(e)ﬁt§ate phosphi te

| i gakds dessamabkd- id 2U. 2.0 PAget 200035 \WD30BY046885tHTH US02/ 37305 known.

Bi dent at hosphini te. and_pho nite |igands re useful as part of a
cat al ystp%sc’%??‘g%o?%irmflh%% Syg%glgctg}leaﬁoén O%flagtlﬂ? ee(ra?lycaﬁfey unsat ur at ed
conpoundsrocesBedesf athe: plrespht nidwedtigandsMare sdcmtugeful as part of a

catal yst_ system_f the hydroc tjion.of aromatic.  vinyl conpounds.

Hydr of orpr?fleﬂf’oﬁ'?%l'é#& I’%‘g Fnﬁ&*&l I1§1c8§8?’a?tedprh&¥8§:é Phat utilizes

cat al ystyerandacé| aeqhasrhaeusct e GamitakbBl B0of iKiaRAsatdhe use of phosphine
| i gands, i ncl udi ng di phosphines, is _known for_ this purpose. The use of

cat 3Py sthorRbdter bIFPKES R vhich gamihesphogpghloridite is

prepared in-situ from phosphorus trichloride and a
phenol such as o-¢resol and then treated in the same
reaction vessel with an aromatic diol to give the
.'bidentate phosphite ligand. The alkylated products of
15 the processes of the present invention can be
substituted for the aromatic diol in the above process.
The compounds made by the processes of the present
invention can be used to make polymexric ligands by a |
process which comprises (1) reacting the compounds made
- 20 - by the processes of the present invention with a benzyl

chloride containing polymer, in the presence of a Lewis

acid catalyst, and {(2) reacting the product of step (1)

‘'with at least one phosphorochloridite compound in the

presence of an organic base. Preferably the Lewisg acid
25 catalyst is zinc chloride or aluminum chloride, and the
organic base is a trialkylamine.

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

30 linear nitriles. Phosphite ligands are particularly
' 'useful for both reactions. Thé hydrocyanation of

unactivated and activated ethylenically unsaturated

compounds (olefins) using transition metal complexes

‘with monodentate and bidentate phosphite ligands is well

- 12 -



known. Such catal ysts usually contain a Goup VIII netal. See for exanple,
U S. Patent 5,235,113, the 15 disclosure of which is incorpph ?ﬁpﬁ%dgerel n by
reference. The present invention also relates to conmpounds o e fornul a
wherein;: 20 Ris H and R is ethyl, C3 to C6 secondar tertiary, or
cyclic VARSI 4 compound of the above formil a V\/ngFE%ﬁozﬁ@ﬁd R are the
sane and are selected fromthe group 25 consisting of ethyl, C3 to C6
secondary or cyclic alkyl. Preferred conpounds are those wherein R and R

are therRane aﬁfdei@éa%t ﬁﬂo.fsfaﬁmiéae aaaogﬁogmﬁté n4qahgs et hyl, isopropyl,
cycl opentyl, and cycl ohexyl . 0O April 2006 WO 83/ 045885

PCT/ US0 2137 368 L EXANPILES t wﬁeafﬁﬂwsﬁgsﬁéﬁe‘fﬂlﬁﬁﬁ ithg, representative
exanpl eg, aéfgggé'ﬁ%iféf? %ﬁgg?gﬁ%fsﬁﬁyaﬂﬂs&?t@%éé | QRpoRhal he present

inventio
3-i strtﬂlyienBaEé ;ﬁuc@phipiteBlBgamia ahlydabso 1108621?12 <gi papbtdol and

3,3 -diisopro 6,0 7 78,8 act 2 2' - |napht hol A m xture
of 5,5, c%.t %%t %’%‘ g?ﬁhylaeohyéirf'cy |nap a(ré’ﬁ' g xyl ene (5 m)
and phoaﬁhgtluﬁgﬁgbdﬁds

Hydroformylation is another industrially useful
process that utilizes catalysts made from phosphorus-

10 dontaining ligands. The use of phesphine ligands,
‘including diphosphines, is known for this purpose. The
use of catalysts made from phosphite ligands is also
known. Such catalysts usually contain a Group VIII

metal. See for example, U.S. Patent 5,235,113, the

15 disclosure of which is incorporated herein by reference.

The present -invention also relates to compounds of

the formula

wherein:
20 R is H; and

R' is ethyl, C3 to Cs secondary, tertiary, or cyclic

alkyl;

or a compound ¢of the above formula wherein

R and R’ are the same and are selected from the group
25 consisting of

ethyl, C; to C¢ secondary or cyclic alkyl.

‘Preferred compounds are those wherein R gnd R’ are
- the same are selected from the group consisting of

- ethyl, isopropyl, cyclopentyl, and cyclohexyl.

- 13 -




acid (1.5 g) was heated to 140C. To the mi xture was 15 added propyl ene
(8.9 g) slowy via a dry-ice condenser. GC anal ysis of thezéggﬁi(ﬁ% m xture
i ndi cated that 98% conversion of the 5,5 ,6,6',7,7",8,8 -0C ro-2,2" -

bi naphthol . Smal | amounts of isopropyl ated xylene mere observed as mell
The m xVH@ME® purified by flash 20 colum to gi ve PETESEREIS3 sopropyl -
5,51,6,61,7,71, 8, 8 -oct ahydro- 2, 2' -bi naphthol, np 110C, 3.7 g of
3,3'-diisopropy|-5,5',6,6',7,7'8,8'-octahydro- 2,2' -bi napht hol, nmp 152-3C,
and a m xture (15 g) containing 38% of 3-isopropyl-5,5,6,6",7,7",8,8 25
oct ahydr o- 2, 2' - bi napht hol and 33% of 3, 3' -dii sopropyl -

5,5,6,6,7. 7' 8,8 -oct ahydr o- 2 EEAMBLES nht hol .

3- |sopropyl ol i o 13C NWVR

(CDC13) : g‘?é 5‘?%%“ nﬁg g% %@23.%?"%3%‘?%?&‘%8%%E§i9‘?5 27.14, 29.3,
29.45 lllzt.lgl,stla834l;hé_19.‘02e5$2§ al',ld R@ositigs 1of 13k Predd8® 5, 133.9,

137.2, 148 7 .181.5 ppm 1H NWR (CDC13): 1.27 (d, J = 7 Hz, 6 H),' 1.68 (m
AH), 1. 7T3VEREGR) D 2.23 (m 4H), 2.76 (m 4H), 3.28 - 14 20 April 2006 WO
03/ 045885 PCT/ US02/ 37305 (septet, J = 7 Hz, 1H), 4.61 (s, 1H), 4.63 (s,

1H), 6.83 (s, 1H), 7.01 (s, IPQ (s, 1H ppm
3,31-diisopropyl-5,5,6,61,7, ctahydro 2,21- 5 binaphthol: 1H NWR
(CDCL3) : simBiedths ok a-isbbro§§1l§ﬂ5-1568 (m)74¢@ﬂa--$c¥8hfdﬂoiﬂﬂ 2.17 (AB g

&t, J =17, 6 Hz, 4H 2. /8 (t, J 6 4H), 3. 27 (septet, J = 7 Hz,
2H)104 64 (S 2,2'- lnaphthol and 3 3'- dllsopropyl-

5',6,6',7,7',8,8"'-octahydro-2,2'-binaphthol

A mixture of 5,5',6,6',7,7',8,8"'~-octahydro-2,2"'~
binaphthol (30.0 g), xylene (5 ml} and phosphotungstic
acid (1.5 g) was heated to 140°C. To the mixture was

15 added propylene (8.9 g) slowly via a dry-ice condenser.
GC. analysis of the reaction mixture indicated that 98%
conversion of the 5,5',6,6',7,7',8,8'-octahydro-2,2"-
binaphthel. Small amounts of iscpropylated xylene were.
observed as well. The mixture was purified by flash

20 column to give 14.5 g of 3-isopropyl- '

| 5,5',6,6",7,7',8,8'-octahydro-2,2'-binaphthol, mp 110°C;
3.7 g of 3,3'-diisopropyl-5,5',6,6',7,7'8,8'-octahydro-
2,2%-binaphthol, mp 152-3°C; and a mixture (15 g)
containing 38% of 3-isopropyl-5,5',6,6',7,7',8,8'-

25 octahydro-2,2'-binaphthol and 33% of 3,3'-diisopropyl-
5,5',6,6',7,7'8,8'-octahydro-2,2'-binaphthol.
.3-isopropy1—5,5',6,6',7,7',8,8'-octahydro~2,2‘-
binaphthol: '
13c NMR (CDCl3): 22.57, 22.63, 22.96, 23.02, 23.2, 26.9,

30 27.09, 27.14, 29.3, 29.4, 112.9, 118.4, 119.2, 127.7,

7 7129.5, 130.1, 131.0, 132.5, 133.%9, 137.2, 148.7, 151.5
ppm. 1H NMR (CDCl3): 1.27 (d, J = 7 Hz, 6 H), 1.68 (m,
4H), 1.75 (m, 4H), 2.23 {(m, 4H), 2.76 (m, 4H), 3.28

- 14 -




2H), 6.98 (s, 2H) ppm 10 Exanple 2 15 Synthesis of

3,3 -diisopropyl-5,5,6,6'",7,7",8,8 - octahydro-2,2'- blnapgé gh I Xture

of 5,5,6,6',7,7",8,8 -octahydro-2,2"' binaphthol (44 0 9), oro enzene

(10 m)_ and hosphotungstlc acid (2 3 g) was heated to 130C To the 20

mi xt ur e RS0 §§ Bfed excess propylene via a dry-ice cond&hdEP2373e reaction

was nonitored by GC analysis. The reaction m xture contai ned 6 % of

nonoi sopropyl ated product and 83 % of diisopropyl ated product. The m xture

was puri y Fla I t v 2 40§22

3,3 d..%%%&ggy b Sh;ﬁp ﬁ? #- Qi ogfghyér%BZéa lH)
. 3 Synt hesi SHdf, 3; 31 th,cylﬂ)opénﬂﬁll (55 5LH)6p§m 7,7 ,8, 8'

octahydr oI xtur.e, of 7, 7 »8,81-oct ahydro- 2, 21
blnaptho 4§ll$58§£§gphdtuhgg¥léyéﬁlg F ggt%mgif d%clopentene (58 g) was

chargedtnnm@hahHmstelloy reactor. The reactor was heated to 180C for 40

ot 11 e0 B W80 (RSN omarBqRpny - (o ca g, Biaf i Ay ARLN 2% eyl

acet at e/thepgane), 1@), yd.ald (2@ § g A2 % 10f 8,8z, dimpychopentyl 5

nap%thol 30 Exanpl e

5,516,674 8 8zf3§5%h§d27 (sé%té%,n%plhglﬁz?ﬁﬂ%f32.64 (s,
2H), 6.98 (s, 2H) ppm.
10
Example 2
15 Synthesis of 3,3'-diisopropyl-5,5',6,6',7,7',8,8'-

octahydro-2, 2'-binaphthol

A mixture of 5,5',6,6',7,7',8,8'-octahydre-2,2"'-
binaphthol (44.0 g), dichlorobenzene (10 ml} and
phospheotungstic acid (2.3 g) was heated to 130°C. To the

20 mixture was added excess propylene via a dry-ice
| condenser. The reaction was monitored by GC analysis.
The reaction mixture contained 6 % of monocisopropylated
product and 83 % of diisopropylated product. The mixture
was purified by flash column to give 20.0 g of
25 3,3'-diisopropyl-5,5',6,6',7,7',8,8'-octahydro-2,2"'-
binaphthol.

Example 3
Synthesgis of 3,3'-dicyclopentyl-5,5',6,6',7,7',8,8'-

30 octahydro-2,2'~-binapthol:

_ A mixture of 5,5',6,6',7,7',8,8"'-octahydro-2,2"'-
binapthol (48 g), phosphotungstic acid (2.4 g) and
cyclopentene (58 g} was charged into a Hastelloy

‘reactor. The reactor was heated to 180C for 40 hours.

- 15 -




152C. 13C NMR (CDC13):22.96, 25.31, 26.68, 29.19, 32.72, 32.75, 39.20,
118.58, 128.14, 129.20, 129.74, 133.91, 149.14 ppm 1H N 1.60
(m 10K, 2.0 (d 4H, 265 (1, I=4 . 20, 327 (qu.@?‘ Hidods, [ %0,
1H), 4.55 , 1H) 6. 92 (s, 1H) ppm Exarrple 4 Al kyl ation of
55,6, %0 ’0“/5358 -octahydro-2,2' - binaphthol with BFEN§12E7¥S and
phosphotungst ic acid 15 catal yst A sol ution of
55,6,6',7,7",8,8 -octahydro-2,2'- binapthol in o-dichlorobenzene and
dodecaner}(gé}n |,ght %424 By Bcolunth cBr8ma 0-2,2'-binapthol, 63
wei ght % o- di ch orob‘ﬂgﬂnzéﬂ{rl 13 wg}l? %t A)dogegane?&éwas O heated to 140C for 3
hours untierlig@ gel70Oelgiingf Wlpho%’yl@?iyh acehatpfhesamsd 6P 17 wei ght % of
phosphot S d | ys s_& 0% conversion of

63%'%1017 25 51:; 4; a“ﬁy&r%oéézé prd cﬁ%%gﬂt§9

55", and formation of

3,3 -5d| |5p£p'r,<5pysl' 257 5,,5,3 ‘6 pbtallyddo & &I—b&haptyhbh— 2 14Bnapt hol (55% . 30
Exanpl e 5 A kyhLation o 7,1 dr.g-2,2' - binaphthol with
propyl erﬂeSQar?d nﬁems{cfjrc)lﬁ% Sangéx&‘?a: 3 ?eé atlgl'yst A sol ution of

5,5 ,6,632.427 38. 85 Oﬁ@fmydmeZsQ -143 napt bed . 20\, a28i.4kl, or obenzene and
dodecane (24 wei %of 3,5 7, 7',8,8 -octahydro-2, 2'-bi napt hol, 63
wei ght % B334i%h! & SbJe%leé?‘fb ![I3NVE| &Fﬁ%ﬂodécéﬁe H)162.90 April 2006

(d, 4H), 2.65 (t, J= 4 Hz, 2H), 3.27 {(quintet, J = 7 Hz,
10 1H), 4.55 (s, 1H), 6.92 (s, 1H) ppm.

Example 4

Alkylation of 5,5',6,6',7,7',8,8'-octahydro-2,2"'-

binaphthol with propylene and phosphotungstic acid

15 catalyst
A solution of 5,5',6,6',7,7',8,8'-octahydro-2,2"'-

binapthol in o-dichlorobenzene and dodecane (24 weight
s of 5,5',6,6',7,7',8,8" -octahydro-2,2 ' -binapthol, 63
weight$% o-dichlorobenzene, 13 weight% dodecane} was

: 20 heated to 140°C for 3 hours under 60 to 70 psi of

| propylene in the presence of 17 weight% of
phosphotungstic acid. GC analysis indicated 100%
conversion of §5,5',6,6',7,7',8,8'-octahydro-2,2"-
binapthol and formation of 3,3'-diisopropyl-
25 5,5',6,6',7,7',8,8'-octahydro-2,2'-binapthol (55%).

Example 5
Alkylation of 5,5',6,6',7,7',8,8!'-octahydro-2,2"'-

binaphthol with propylene and Amberlyst®l5 ion-exchange

30 regin catalyst
' | A solution of 5,5',6,6',7,7',8,8'-octahydro-2,2"'-
binapthol in o-dichlorobenzene and dodecane (24 weight
% of 5,5',6,6',7,7',8,8"'-octahydro-2,2'-binapthol, 63

‘weight% o-dichlorcbenzene, 13 weight% dodecane} was

- 16 -




WO 03/ 045885 PCT/ US02/ 37305 heated to 140C for 3. hours under 60 to 70 psi
of propylene in the presence of 17 wei ght % of Anberlyst(r%éghﬁ&%ﬁj
exchange resin purchased from A drich (PO Box 355, 5 MIwal ® (%3201
USA). CC anal ysis indicated 100% conversion of

5,5, 6, 500045885 g' _oct ahydro-2, 21- bi napt hol and f oPERUSEHTHS

3,3 -diisopropyl- 55 ,6,6',7,7",8,8" -octahydro-2,2'-binapthol (53% and
3-isopropyl-5,5,6,6'",7,7",8,8 -octahydro-2,2'-binapthol 10 (18% . Exanple
6 Al kyl aidan 302051!?0«@ Borr 4 Froubs Bt %faygao-;@ o i naphthol with

propyl ene and Nafion(r)/silica catalyst Ution of

5,5', 6, @xopylens, gh- tima:hyealeuce of 1 rw@pgho% ofi Amtiecfiyst®benzene and

dodecane 24 ht % of. ct - bi napt hol, 63
wei ght %0-4di & oro _nZdhe " Egr%\%sg 5’od %gﬁ%‘f mggy%ﬁgaﬁ% to 140C for 3
hour 5 undidiwaietp WD FBi010UISRP. prcmp;alrarmsw iheiqumsaenoesof 17 wei ght %
Nafion(r)/silica B@grchased from En el hard Cﬁ}g%(Naf ion(r) SAC 13,

Engel har®PVESFpCBehe mrood B Bni By 7' «Be BangrFy’ Qihi'Gated 100% conversion

of 5,% &r@pﬂmi ald Sdefo‘attQBMdéﬂ ?,,32' -dilkkBapLpel - and formation of
3-isopr 25 5,5',6, 7,7 ,8,8 -octahydro- -bi napthol (229 and of

3, 3" - di |£(§phép§l 8,5, 8686'-°¢t¢h1f@<?8*2:@cr hpel%hczl AB3%) aadt hol (549 .
Exanpl e 37 ;38p8bkyl 84 1 PN 0%:15957+ & & n-&kn@dﬁ&@%ﬂ%&ﬁ&@g&ﬁ bi napht hol

with propylene and trifl dor 6met hanesul f oni acid on sifTica catalyst
10 (18%).

Example 6
Alkylation of 5,5!',6,6',7,7',8,8'-octahydro-2,2"'-

binaphthol with propylene and Nafion®/silica catalyst

15 A solution of 5,5',6,6',7,7',8,8'-octahydro-2,2'-
- binapthol in o-dichlorobenzene and dodecane (24 weight
% of 5,5',6,6',7,7',8,8'-octahydro-2,2'-binapthol, 63 _
weight% o-dichlorobenzene, 13 weight% dodecane} was
heated to 140°C for 3 hours undex 60 to 70 psi of
20 propylene in the presence of 17 weight% Nafion®/silica
purchased from Engelhard Corp {(Nafion® SAC 13, Engelhard
| Corp. Beachwood, OChio). GC analysis indicated 100%
conversion of 5,5',6,6',7,7‘,8,8'—bctahydro-2,2'~
binapthol and formation of 3-iscopropyl-
25 5,5',6,6',7,7',8,8'-octahydro-2,2"'-binapthol (22%) and
of 3,3'-diisopropy1—5,5',6,6’,7,7',8,8'-octahydro—2,2'—
binapthol (54%).

Example 7

30 Alkylation of 5,5',6,6',7,7',8,8'-octahydro-2,2"'-

'binaphthol with propyvlene and trifluoromethanesulfonic

acid on silica catalyst

A solution of 5,5',6,6',7,7',8,8'-octahydro-2,2"'-

‘binapthol in o-dichlorobenzene and dodecane (24 weight

- 17 -




A solution of 5,/5',6,6',7,7",8,8 -octahydro-2,2'- binapthol in

o-di chl orobenzene and dodecane (24 weight - 17 20 April 2%)?1?\%)2@%3045885
PCTI US02/ 37305 % of 5,5',6,6',7,7", 8, 81-octahydro-2, 21- bi napt hol ;

wei ght % o- di chl or obenzene, 13 wei ght % dodecane) was heated to 140C for 3
hours ul®PO&BY 0 70 psi of 5 propylene in the preseRETUSEBTMSvei ght %
trifluoronmethanesul fonic acid on silica purchased from United Catal ysts
(Loui sville, PO Box 32370, KY 40232). GC analysis indicated 81% conversion

of 5,5 6.8 5]5F, 6868, 7,06t ANYUL 9eardya:i-BaB DOl nANGoAQ E9r Mation of
3-isopropyl-5,5",6,6", 7, 78,8 -oct ahydro- 2,2"-binapthol (55% and of
3, 3' - di iwoighysy o-dbchlombgnzeng; B3 greigihtihdddecane)' wsnapt hol (25% based

on cons 21, 7 8.8 = gﬂxﬁr -2.21= hi:-napt hol . 15 Exanple 8

Al kyl ation 63? 2%5%@;%&;1? hgu]égcﬁ cta 'f/sgr §92%%'é§%i%%apht hol wi t h propyl ene
and sul fiateggrlenec oni the giraébyate &Ff sol weight &f

5,51,6,6' ,.7..7' .8,8 -octahydro-2, 2. .20 bi.napt hol i,n o-di.chl orobenzene and
dodecand YFA SRR hatagtonre agiqom, 211 1ga gouranaerdirron 5 L A ol 63
wei ght %uridieshlcatabesze ngouldviklghtid dosteeans), was 4oheajed to 140C for 3
hours under 60 to 70 psi of ropylene in the presenceof 17 wei ght%

sul f at eFOBIALYESR| T ﬁgség"f ¥Eioenehi cal s (XZ0682/ 01, MEL

- Cheni cals, 5 Fleeingt on, 8 M) octhhpiad 5,25 -bRdhgaied a180%

10 formation of 3-isopropyl-5,5',6,6',7,7',8,8'-octahydro-
2,2'-binapthol (55%) and of 3,3'-diisopropyl-
5,5',6,6',7,7',8,B8'-octahydro-2,2'-binapthol (25%) based

- on consumed 5,5',6,6',7,7',8,8'-octahydro-2,2"-
“ binapthol.
15
Example 8

Alkylation of 5,5',6,6',7,7',8,8"'-octahydro-2,2"'-

binaphthol:with propylene and sulfated zirconia catalyst

A solution of 5,5',6,6',7,7',8,8'-octahydro-2,2"-

20 binapthel in o-dichlorobenzene and dodecane (24 weight
% of 5,5',6,6',7,7',8,8'-octahydro-2,2'-binapthol, 63
weight% o-dichlorobenzene, 13 weight% dodecane) was
heated to 140°C for 3 hours under 60 to 70 psi of
propylene in the presence.of 17 weight% sulfated

25 zirconia purchased from MEL Chemicals (XZ0682/01, MEL
Chemicals, Flemington, NJ). GC analysis indicated 100%
conversion of 5,5',6,6',7,7',8,8'-octahydro-2,2"'-
binapthol and formation of 3-isopropyl-
5,5',6,6',7,7',8,8'-octahydro-2,2"'-binapthol {5%) and of

30 3,3'—diisopropyl-S,S',6,6‘,7,7{,8,8'—octahydro—2,2'-
_binapthol (77%) .
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conversion of 5,5 ,6,6',7,7",8,8 -octahydro-2,21- binapthol and formation
of 3-isopropyl - 5,5',6,6',7,7',8,8'-octahydro-2,2'-binapthﬂ%A& %@ @nd of 30
3,3 -diisopropyl-5,5,6,6",7,7",8,8 -octahydro-2,2' - binapt %%

April 2006 WO 03/045885 PCT/ US02/ 37305 Exanple 9 Alk¥lat|on of

5,5, 6, B0 004885g g _octahydro-2,2' 5 binapht hol wit hPEFEPHERR and Dowex
32(r) (ion exchange resin based on sul fonic acids) catalyst A solution of
55,6,6',7,7",8,8 -octahydro-2,2'- binapthol in o-dichlorobenzene and
dodecane (24 weight, %of 5,5 ,6,6',7,7",8,8" -octahydro-2,2'-binapthol, 63
10 wei ght % o-di chl or obenzene 13 wei ght % dodecane) was heated to 140C for 3
hours under 60 to 70 psi of [Bxamplend in the presence of 17 wei ght % Dowex

32(r), EDM/ 3544 PLf C e IO | ,(M dland, M chi gan,
USA) (I: 13%:@- % gl /U ?UEVU?]D%YI%%%UI rg 2 M

5,5' 56, 6' binaphfhc& mmhabydpwpléheZ ‘anidi napeino:%z@er(donf exaldngen of
3-isopropyl-5,5", 6 6' -clnapthol (25% and of

3, 3" -dii sopropyl|X&E agegd °' sulionic acidg) cat Y8t _ pi napt hol (55% . 20
Exanpl e 10 Abkybaidh of 8, 5 &,,eﬁ-,,v 7r, 3888- @EnyayeLe; 21 2' - bi napht hol

w t h. propyl ene and DeIOX|n(r) ASP (alkylsulfonlc acid on silica) catalyst
A sol ut iRimapthel sin @-gichloroenpens: epAydpdecane - (24 weit hol in

o- di chl o ogegzengs and #gdegage dA4nyaik80:, 2 -binapthol, 63

10 weight% o-dichlorobenzene; 13 weight%® dodecane) was

heated to 140°C for 3 hours under 60 to 70 psi of
propylene in the presence of 17 weight% Dowex 32®, Dow
No. 8435445, purchased from Dow Chemical (Midland,
" Michigan, USA}. GC analysis indicated 100% conversion
15 of 5,5',6,6',7,7',8,8'-octahydro-2,2"'-binapthol and
formation of 3-isopropyl-5,5',6,6',7,7',8,8'-octahydro-
2,2'-binapthol (25%) and of 3,3'-diisopropyl-
5',6,6"',7,7',8,8'-octahydro-2,2'-binapthol (55%).

20 ' Example 10
.~ .Alkylation of 5,5',6,6',7,7',8,8' -octahydro-2,2’-

binaphthol with propylene and Deloxin® ASP

(alkylsulfonic acid on Bilica) catalyst

A solution of 5,5',6%6',7,7',8,8'-octahydro-2,2"'-
25 binapthol in o-dichlorobenzene and dodecane (24 weight
% of 5,5',6,6',7,7',8,8'-octahydro-2,2'-binapthol, 63
weight% o-dichlorobenzene, 13 weight% dodecane) was
heated to 140°C for 3 hours under 60 to 70 psi of
propylene in the presence of 17 weight % of Deloxin®
30 ASP (alkylsulfonic acid on silica) produced by Degussa
_(Hanau, Deutschland) . GC analysis indicated 100%
conversion of 5,5',6,6',7,7',8,8'-octahydro-2,2"-
binapthol and formation of 3-isopropyl-
'5,5',6,6',7,7',8,8'-octahydro-2,2*-binapthol (63%) and
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Woof 55 ,6,6',7,7,8,8 -octahydro-2,2'-binapthol, 63 weight%

o-di chl orobenzene, 13 wei ght % dodecane) was heated to 1405%f%@1§(ﬂpurs
under 60 to 70 psi of propylene in the presence of 17 wei{ #‘ 00?

Del oxi nsvrz 30 ASP (al kyl sul fonic acid on silica) produced by Degussa
(Hanau, $ and). GC anal ysis indicated 100% coRG¢EUE2FA08 1

5,5 ,6,6',7,7,8,8 -octahydro-2,2'- binapthol and formation of 3-isopropyl
5,5',6,6',7,7",8,8 .-octahydro-2,2'-binapthol (63% and - 19 20 April 2006
VO 03/ 0 5 LR 0% @f, '

3,3 -di %%rg Cﬁig&gﬁ%?’é‘ = 57 6868’7 c?ct ahydro I_Za}ydr bi hapt hol (<10%. 5
Exanpl ekzma/glthyllal(tml%)o.f 5, 5' 6 6',7,7",8,8 -octahydro-2,2'- binaphthol
with tertiary-butyl chloride and zinc chloride catal yst A m xture of

55 ,6,6',7,7",8,8 -octahydro-2,2'- 10 binapthol (5.0 g), zinc chloride
(0.459), chI oroform (5 m) letihry butyl chloride (10 g) was heated
to 60C for h ) 3 : of

5,5,6,6 , 7025 ea ' 4i1on of

3-t- butyl 5b'ina§:h@hoi’ :Z;tlB u%rteﬁwbw@iﬂ J:ﬁxl%ridebamphml (95% and of
3,3 -di-t-butyT- 5,5 ,6,06 , /7, 8 -octahydro-2Z, Z -br napt hol (-2.4%
based on consuned of 5,5, EPr;ﬂe?caﬁaﬁY&Ectahydro- 2,2' -binapthol . The

m xture was Rupi§t&ek R f5I gshscgl Wy« @hgon@{.% ate.yield 4.36 g of

solid. 1H NMR (CDC13): 20 '1.43 (s 9FD . 65-1.88 (n] 8FD 2.09-2.34 (m
4H) 10 binapthol (5.0 g), zinc chloride (0 4 g), chloroform (5

ml), and tertiary-butyl chloride (10 g) was heated to
60°C for 4 hours. GC analysis indicated 90% conversion
of 5,5',6,6',7,7',8,8'~-0octahydro-2,2'-binapthol and
" formation of 3-t-butyl-5,5',6,6',7,7',8,8'-octahydro-

15 2,2'-binapthol (95%) and of 3,3!'-di-t-butyl-
5,5',6,6',7,7,8,8'-octahydro-2,2'-binapthol (~2.4%)
based on consumed ¢f 5,5',6,6',7,7',8,8'-octahydro-
2,2'-binapthol. The mixture was purified by flash column
chromatography to yield 4.36 g of solid. lH NMR (CDCl3):

20 1.43 (s, 9H), 1.65-1.88 (m, BH), 2.09-2.34 (m, 4H),

. 2.71-2.79 {(m, 4H), 4.66 (s, 1H), 4.87 (s, 1H), 6.82 (d,
14, J = 8 Hz), 7.04 {(d, 1H, J = 8Hz}, 7.10 (s, 1H) ppm.
13¢ NMR {(CDCl3): 22.9, 23.0, 23.1, 23.2, 26.8, 27.0,
29.2, 25.4, 25.6, 34.5, 113.0, 119.%1, 119.3, 128.2,
25  128.9, 130.0, 131.0, 133.8, 134.2, 137.2, 149.9, 151.6

ppm. .

Example 12
Alkylation of 5,5',6,6',7,7',8,3'-Octah_ydro-2,2"-

30 ~binaphthol with benzyl alcohol and

trifluoromethanesulfonic acid

A mixture of 5,5',6,6',7,7',8,8'-octahydro-2,2"'-
binapthol (1.5 g), trifluoromethanesulfonic {61 mg), o-
‘carbon tetrachloride (2 ml), and benzyl alcohol (0.55 g)

- 20 -




2.71-2.79 (m 4H), 4.66 (s, 1H), 4.87 (s, 1H, 6.82 (d, 1H J = 8 Hz),
7.04 (d, 1H, J = 8Hz), 7.10 (s, 1H ppm 13C NWR (CDC13): G%p%iz 0,
23.1, 23.2, 26.8, 27.0, 29.2, 29.4, 29.6, 34.5, 113.0, 11%. , 119.3,
128.2, 25 128.9, 130.0,- 131.0, 133.8, 134.2, 137.2, 149.9, 151.6 PPM 30
Exanpl eWPI3BREF ation of 5,5',6,6',7,7",8, 8" -oct ahydPEI/BSBABI30%| napht hol

wi th benzyl alcohol and trifluoronethanesul fonic acid A m xture of
5,5,6,6',7,7,8,8 -octahydro-2,2'- binapthol (1.5 g),

trifluor hapnesul f ca 2 m), and
benzyl (r:ggtﬁ‘o 9?% Od}%"% (f% gg% %&ﬁ% ?gogné@%@? gﬁ‘%éﬁgg / US02/ 37305 was
heat ed t”lB%B@.anfefsz‘ZoIS dfourss 5' G, @ndl,ysi, 8, Bhdoctedladiro?f3%2 conver si on of
55,6, octahydro-2 bi napt.hol ang, forma

3. benzyl ’élal?th8§6an% PING, 8°n5°foé g % g %’ ar?t'ﬂol'a(go'%) based on
consyethbfahydrs- 2§aﬁblha5?eh81 8@9wt)almééa @n 2coduia@t Bel . To the cool ed
reaction mxture was added 10 nlL_10% NaOH. The |ayers were separated, and

the aquedds (Bafér7wa's &bt r et 17 &t nfirarkifle.  FRetBBganic | ayers were

10 conbined cqveshed: W il Ruik-Bewadrdf@ @R gaNE@N 4L Thdhe crude materi al
was purified by flash colum chromatography (silica gel, eluting with 2%

ethyl deoraserdex strmanasegy, antihes@augpes hbdaredes to yield 1.13g white

solid ( %déﬁé %LQ)W1£H4J¥M§1(SE£§EQ. Tbotg8dic layers were

10 combined, washed with brine, dried and concentrated.
The crude material was purified by flash column
chromatography (silica gel, eluting with 2% ethyl
acetate/hexanes to 5% ethyl acetate/hexanes), to yield
1.13g white solid (58% yield). 1H NMR (CDC1l3): 1.56-1.67

15 {m, 8H), 2.03-2.21 (m, 4H), 2.59-2.67 (m; 4H), 3.93 (s,
2H), 4.47 (s, 1lH), 4.56 (g, 1H), 6.72 {d, 1H, J= S5Hz),
6.79 (s, 1H), 6.96 (d, 1H, § = BHz), 7.10 ~ 7.21 (m, 5H)
ppm. 13C NMR (CDCl3): 22.79, 22.87, 22.91, 26.79, 26.94,
29.00, 29.07, 35.72, 112.78, 118.52, 118.%0, 125.02,

20 125.71, 128.18, 128.68, 129.62, 129.94, 130.83, 131.68,

' 134.76, 136.96, 140.85, 149.07, 151.23 ppm,

Example 13

Alkylation of 5,5',6,6',7,7',8,8'-octahydro-2,2"'-

25 binaphthol with benzyl chloride and zinc chloride
catalyst

A mixture of 5,5',6,6',7,7',8,8'-octahydro-2,2"'-
binapthol (0.59 g), zinc chloride {40 mg), chloroform
{2 ml), and benzyl chloride {(0.27g) was heated to 60°C
3¢ for 4.5 hours. GC analysis indidated 70% conversion of
| .5,5',6,6',7,7',8,8"'-octahydro-2,2'-binapthol and
formation of 3-benzy1—5,5',6;6',7,7',8,8'—octéhydro~
2,2'-binapthol (95% ) ' '

.21 -




15 (m 8H), 2.03-2.21 (m 4H), 2.59-2.67 (m 4H), 3.93 (s 2H), 4.47 (s
1H), 4.56 (s, 1H), 6.72 (d, 1H, J= 5Hz), 6.79 (s, 1H), g@ (pgi é%é J =
5Hz), 7.10 - 7.21 (m 5H PPM 13C NMR (CDC13): 22.79, 22 f\ %% 1,
26.79, 26.94 29 00, 29.07, 35.72, 112.78, 118.52, 118.90, 125.02, 20
125. 71, WPAHESS 108 68, 120.62, 129.94, 130.83, 131. BETUSBAHNS76 136. 96,
~140. 85, 149.07, 151.23 ppm Exanple 13 Al kyl ation of

5,5',6,6',7,7",8,8 -octahydro-2,2'- 25 bi naphthol with benzyl chloride and
zi nc chl C Mdg Aem ¥t Br - -oct ahydro-2, 2' -

bi napt hok%{(e 89 g I,?ém ncéghl grlgldgscg 5m?) 50% ocryccg:fo r@(z m ), and benzyl
chl ori de2«(0. bigépwmd-heated to 60C 30 for 4.5 hours. GC anal ysis indicated
70% conversion of .5,51,6,6',7,7",8,8 -octahydro-2, 2'-binapt hol and
formati on of 3-benzyl-5,5,6,6",7,7",8,8 -octahydro- 2,2'-binapthol (95%)
- 215 20 April 2006 WO 03/ 0458:&5::\@/14802/ 37305 based on consuned of
.5,5",6, 6 i pl e 14 Synt hesi s of
3- i sopro % 3K ML - RESBEREIC- A ni xture of
5,5',6,6',7, 7 8 8 -oct ahydzsz-,]ﬁnalphaa@ht hoI (2 g, 6.8 muol), isopropyl
met hanesul fonate 10 (5.5 mml), scandiumtriflate (0.34 g, 5mol %, and
carbon tetraéhWHFFH§3€f05wﬁ) @aé ot JughRe 8t oFteVdFR-gnder

blnaphthol (2 g, 6.8 mmol), isopropyl methanesulfonate

10 {5.5 mmol), scandium triflate (0.34 g, Smol%), and
" carhon tetrachloride (10 ml) was brought to reflux under
argon. After 18 hours, GC indicated 65% conversion to
give 78% desired product. Additional isopropyl
"methanesul fonate (3.1lmmol) was added, and the reaction
15 mixture was refluxed for another 8 hours. GC showed 86%
conversion, and 76% selectivity to 3-isopropyl-
5,5',6,6',7,7',8,8'-octahydro-2,2'-binaphthol. The
mixture was diluted with ether (20 ml) and 10% HCl (20
ml). The layers were separated, and the aquecus layer
20 was extracted with ether (3 X 20 ml). The ether layers,
were combined,.dried {MgS0,;), and concentrated. The i
crude product was purified by column chromatography

(8105, 2% ethyl acetate/hexanes) to yield 1.1 g white

solid (48%). MP: 100-102°C.
25

Example 15
Synthesis of 3-c¢yelopentyl-5,5',6,6!,7,7',8,8'-

octahydro-2,2!'-binaphthol

A mixture of 5,5',6,6',7,7',8,8'-octahydro-2,2"'-
30 binaphthol (2 g, 6.8 mmol}, cyclopentyl methanesulfonate
| {6.34 mmol}, scandium triflate (0.34 g, 5 mol%), and
carbon tetrachloride (10 ml) was heated to reflux under

argon for 10 hours. GC showed 93% conversion and 77%

‘selectivity to 3-cyclopentyl-5,5',6,6',7,7',8,8"'-

- 22 -



argon. After 18 hours, GC indicated 65% conversion to give 78% desired
product. Additional isopropyl nethanesulfonate (3.1 nmol) &!% ﬁgg&% and
the reaction 15 m xture was refluxed for another 8 hours. gy 86%
converS| n and 76% sel ect|V|ty to 3-i sopropyl -

5,5, 6, B0 0048 -oct ahydro- 2, 2' - bi naphthol . The MU MEs dil ut ed
wth ether (20 n1) and 10% HC1 (20 m). The |ayers were separated, and the
aqueous | ayer 20 was extracted with ether (3 X 20 m). The ether |ayers,
wer e COMfudd®gdrdLs esh (Vs hoﬁndn@&maeeh&at@&ls diut < Wien product was
purified by colum_ chromatograph Si 02, 2% ethyl acetate/hexanes) to

yi el d 1%I§rmﬁ29efnl)scﬂndd1@&8% K@ mlgo- 10he, 1oy mepke 15 Synt hesi s of

3-cycl 0%%%7 d [ ht hol A m xture of =
5,5, Xj‘?tég Iféjof:%tha yg(rLl 8-§5,§21a§% %P%’a%ﬁtﬁ%%e(cg "H%BG 8 mmol),

cycl 6perettyllerneﬁhﬁnmm1f)onatfhe eﬁheﬂ ]my@lr)s ws:carmbmhmrteldl,f late (0.34 g, 5

nol %9 , C tetr chI or ated.to_ref qu under argon
for 10 Rnee” g8y ovehlodomiiivareton ok GFHiE eEPaLer vy

3-cycl ogm‘rtlxtllea by, <ﬁ31@mm7c?1roﬂaﬂograﬁ1& (2QoAprisl ¢26895 WO 03/ 045885

PCT/ US02/ 37305 octa ro 2,2 ‘gdna ht hol.. The, m xture was diluted with
et her (AFSHRF eé]ﬁ‘?jxal Hé? 38! Thahikseselihr ©7%epifat ed, and the

aqueous NMry gEDBS) £Xt.sact(ad Mtﬁl) 5 eloferm( 368§ 2& He) -(m] he- ef her | ayers were
COHEBHQQhL 4H), 3.18 (guintet, J = 8 Hz, 1H), 4.52 (s, 1H),

4.51 (s, 1H), 6.73 {(d, J=8Hz, 1H), 6.92 (s, 1H}, 6.97

- (d, J=8Hz, 1H) ppm. 13C NMR (CDCl3): 22.82, 22.87,

'23.01, 25.36, 26.70, 26.94, 29.09, 29.20, 32.73, 32.75,

©3%9.28, 112.73, 118.23, 119.13, 128.24, 129.19, 129.85,

15 130.72, 133.72, 137.03, 149.14, and 151.33 ppm.

Example 16
Synthesis of 3-tert-butyl-5,5',6,6',7,7',8,8!-octahydro-

2,2'-binaphthol

20 A mixture of 5,5',6,6',7,7',8,8'-octahydro-2,2"'-

binaphthol (1.0 g, 3.4 mmol), tert-butyl alcchol (1.4
g}, trifluoromethanesulfonic acid (0.04 g) was
dissolved in 2 ml 1,2-dichlorobenzene., The mixture was
heated at 120°C for 2.5 hours. GC showed 97% conversion

25 to 87% mono-butylated product, and 10% bis-butylated
product. The mixture was cooled, and diluted with 10 ml
water and 10 ml ethexr. The layers were separated, and
the organic 1aYer was washed with sodium bicarbonate
solution, dried, and concentrated. The crude product

30 was purified by flash column chromatography (silica gel,

2% ethyl acetate/hexanes) to yield 0.7g of white solid.
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dried (MgSH), and concentrated. The crude product was purified by colum
chromat ography (Si 02, 2% ethyl acetate/hexanes) to yield 3 A‘]\pgl %gée solid
(57%. 1H NWR (CDC13): 1.58 (m 14 H, 2.05 (m 6H), 2.66 ?m j: 10 Hz,
4H), 3.18 uintet, J =8 Hz, 1H, 4.52 (s, 1H, 4.51 (s, 1H), 6.73 (d,
J=8Hz, %053%65.8%52 (s, 1H), 6.97 (d, J=8Hz, 1H) ppm fMﬁ? 13): 22.82,
$22.87, 23.01, 25.36, 26.70, 26.94, 29.09, 29.20, 32.73, 32.75, .39.28,
112. 73, 118.23, 119.13, 128.24, 129.19, 129.85, 15 130.72, 133.72, 137.03,
149. 14, and 151. 33 ppm Exanple 16 Synthesis of
3-tert-butyl-5,5,6,6',7,7",8,8 -octahydro- 2,2'-binaphthol 20 A mixture
of 5,5' WHAT IF PLADMED -Ifgt ahydro-2,2' binaphthol (1.0 g, 3.4 mol),
tert-butyl alcohol (1.4 g), trifluoromethanesulfonic acid (0.04 g) was
dissolved in 2 m 1, 2-dichlorobenzene. The m xture was heated at 120C for
2.5 bBourks. GB shopechd® @b chevEosmola 25 to 87% nono- butyl at ed product, and
10% bi s-butyl ated product. The mixture was cool ed, and diluted with 10 m
water and 10 ml ether. The |layers were separated, and the organic |ayer
was washed with sodi um bi carbonate solution, dried, and concentrated. The
crude product 30 purified by flash col um chromatography (silica gel,
2% et hyl pXanes) to yield 0.7g of white solid. - 23 20 April 2006
WO 03/ 04 (0S02/ 37305 WHAT IS CLAIMED | S:

wherein:
10 R is C; to Cy alkyl, C; to Cy cycloalkyl, or benzyl of

the formula
R' R'

R CHy—
R" R

15 wherein each R' is independently H, alkyl or cycloalkyl

of up to 6 carbons; and/or a compound of the formula

- 24 -




1. A conpound of the fornula 1 wherein: 10 Ris Cl to Co alkyl, C to C20
cycl oal kyl, or benzyl of the formula CH2 15 wherein each K ?ﬁlﬂﬁﬁ
independently H, al kyl or cycloalkyl of up to 6 carbons; é’ conmpound
of the 24 20 April 2006 WO 03/045885 PCT/ U 02/37305 2 wherein R
is Clt @%ﬁgﬁw ot her than nethyl -or t- butyl, c3t EIU%"?:‘]S?cIoaI kyl, or
~benzyl of the formula 5 CH2 wherein each R is independently H, alkyl or
cycloal kyl of up to 6 carbons. 10 2. A process for maki ng 3-al kyl at ed-
55,6,6",7,7 8 8' - oct ghydro-2, 2' - bi napht hol and/ or
3,3 -dial kyI aje 6,6',7,7",8,8 -octahydro-2,2'- binaphthol, conprising
S .

contacting 5, VAR 8 8' 15 oct ahydro- 2, 2' -bi naphthol with at | east
one al kene o S =0H in the presence of an acid catalyst. 3. The
process of clarm 2 erein the at |east one al kene or cycloal kene is
nonoet hyl eni-cally saturated 20 and contains from3 to 20 carbon atons. 4.
The process @ vigr ei n at | east one al kene or cycloal kene is
selected fro p consi sti.ng of

wherein R is ¢; to Cz alkyl other than methyl or t-
butyl, Ci: to Cz cycleoalkyl, or benzyl of the formula

5
R' R
R’ CHy—
R! Rl
wherein each R' is independently H, alkyl or cycloalkyl
of up to 6 carbons.
10

S 2. A process for making 3-alkylated-

5,5',6,6',7,7',8,8'-octahydro-2,2'-binaphthol and/or
3,3'-dialkylated-5,5%,6,6',7,7',8,8'-octahydro-2,2"'-

binaphthol, comprising contacting 5,5',6,6',7,7',8,8'-
15 octahydro-2,2'-binaphthol with at least one alkene or

- -cycloalkene in the presence of an acid catalyst.

3. The process of claim 2 wherein the at least one
alkene or cycloalkene is monocethylenically unsaturated

20 and contains from 3 to 20 carbon atoms.

4. The process of claim 3 wherein at least one alkene

or cycloalkene is selected from the group consisting of

- 25 -




- 25 20 April 2006 WD 03/045885 PCT/ US02/ 37305 propyl ene, butene, pentene,
hexene, cycl opentene, and cycl ohexene. 5. The process of Qb%bﬁ}gomperein
the acid catalyst is S selected fromthe group consisting of “al um num
chlorid rifluoronethanesul fonic acid, tosylic acid hosphot ungsti c

aci d, sﬁﬁvgbﬁﬁﬁbstic acid, phosphonol ybdic acid, zi?@gﬁgﬁ%V§?iflate,
“alumnum triflate, polyneric perfluorinated sulfonic acid and 10

pol ymeric sulfonic acid. 6. The process of claim5 wherein the acid

cat al yStpdcpy1ahdM BB ?@héepepm@a@t,uegéiéﬁe@@r@, Qhg Phosphonol ybdic
aci d. 1§)7. The process of claim6 wherein the acid catalyst is
phosphotd¥fdebesenei d. 8. The process of clainF2 wherein the contacting is

20 done 4.1 BiePEESENGE 3 3k hoRN RS hY Il FElRSAP: T1om the group

consi sting of nitronmethane, nethylene ¢ roet hane,
chl ofobertdested Hranltdeobenapneonsint ingt pdbehrwimaim 2516xridée process of

claim?2 rein._t contacting i1s.,done. at_a tenperature between 20C and
220C. 1&@1%%805?%%&?% ;i%f)gilg] @cnvﬁ"ler ﬁxﬁ%%ea‘fledﬂrger ature is between 90C
and 180@harghobengitid heid) 5ibicdumbstidéla&idl- oct ahydro-2, 21- bi napht hol
is contacted w nonQ-, or . 1, 2-di substjtuted al kene. 11. The process of
Gl ai m o HepapRo licoaara s Equun tritlate “artmitur

triflate, polymeric perfluorinated sulfonic acid and

10 polymeric sulfonic acid.

6. The process of claim 5 wherein the acid catalyst is
aluminum chloride, phosphotungstic acid, or
'Qhosphomolybdic acid.
15
. 7. The process of claim 6 wherein the acid catalyst is

phosphotungstic acid.

8. The process of claim:2 wherein the contacting is

20 done in the presence of at least one solvent selected
from the group consisting of nitromethane, methylene
chloride, dichlorocethane, chlorobenzene,

dichlorobenzene, and nitrobenzene.

25 9. The process of claim 2 wherein the contacting is

done at a temperature between 20°C and 220°C.

10. The process of claim 9 wherein the temperature is
between 90°C and 180°C and wherein the
30 5,5',6,6',7,7',8,8'-octahydro-2,2'-binaphthol is

contacted with a mono- or 1,2-disubstituted alkene.

11. The process of claim 9 wherein the temperature is

‘hetween 40°C and 90°C and wherein the

- 26 -




between 40C and 90C and wherein the - 26 20 April 2006 WD 03/045885
PCT/ US02/ 37305 5,5',6,6',7,7',8, 8 -octahydro-2, 2' - blnaphtthAlﬁlzgﬁptacted
with at | east one al kene selected fromthe group consisting &

1, 1-di swbs.h E#g d al kene, tri 5 substituted al kene, 5’%#&{3?22%* tituted

alkene or substituted al kene. 12. A process fo -al kyl at ed-
5,5',6,6',7 7' 8, 8' - oct ahydro- 2, 2' - bi napht hol and/ or
3,3'-dialky|ated-5,5',6,6',7,7',8,8'-octahydro-2,2'- bi napht hol , conpri sing
cont actimg 5,85, 6761;,78,781 %caéhydMMWrmaaahEMDamt hol with a benzyl

hal i de or tertiary alk hal i de ereln he h de is brom de or

chl ori deCHRRE B¥E§éﬁ¥&eﬁﬁt PR\ éﬁ?ﬁ? nmqgi@3 The process of

claim 1291»@41@ @oRsth BEi kP WS 1a@Ldls@@é@atﬁ:fedl am@ﬂl@cttﬁqi romthe group
alun1nun1chlor|de zinc chlori de, bor on trichloride, Snd 4,

consi stin
Shd &, a‘-’r‘l'gDSZrlé!:‘Eed%l’&QPerTﬁétEPO%‘é%%tld:fut@IdaF%&%e VerféYAd -t he Lewi s acid

catalystsdB%tahggeghgfgéﬂga 15. A process for neking; 3-al kylated 25
5,5',6,6',7,7",8,8 -octahydro-2, 2'-bi napht hol and/ or

3,3 - dlalkylated 55,6,6',7,7",8,8 -octahydro-2, 2' - binaphthol, conprising
contactifig 5,5 gc? Ta ok m§k§ ogtgﬁgyid%eé 2' - blnaphthol wi th an al kyl
i qate ?ﬂ I

sulfonate aﬁkg I"'uenesul fonate, or al kyl
5,5',6,6',7,7',8, 8'-octahydro 2,2'-binaphthol and/or

10 3,3'-dialkylated-S,S',6,65,7,7',8,8'—octahydro—2,2'-
binaphthol, compriging contécting 5,5',6,6'",7,7',8,8"'-
octahydro-2,2'-binaphthol with a benzyl halide or
tertiary alkyl halide, wherein the halide is bromide or

- ¢chloride, in the presence.of a Lewis acid catalyst.

15
13. The process of claim 12 wherein the Lewis acid
catalyst is selected from the group consisting of
éluminum'chloride, zinc chloxride, boron trichloride,
SnCls, SbCls, and ZrCl,.

20

- 14.: The process of claim 13 wherein the Lewis acid

catalyst is zinc chloride.

15. A process for making: 3-alkylated-

25 5,5',6,6',7,7',8,8'-octahydro-2,2'-binaphthol and/or
3,3‘—dialkylated—S,S',G,G',7,7‘,8,8'-octahydro-2,2‘—
binaphthol, comprising contacting 5,%',6,6',7,7',8,8'-
octahydro-2,2'-binaphthol with an alkyl sulfonate, alkyl
triflate, alkyl p-toluenesulfonate, or alkyl

30 Dbenzenesulfonate, in the presence of an acid catalyst
- selected from the group consisting of aluminum chloride,
tosylic acid, phosphotungstic acid, silicotungstic acid,
~ phosphomolybdic acid, trifluoromethanesulfonic acid and

‘a rare earth metal triflate selected from the group
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30 benzenesul fonate, in the presence of an acid catalyst selected fromthe
group consisting of alum numchloride, tosylic acid, phosQ@g%DFing%(j c acid,
silicotungstic acid, phosphonolybdic acid, trifluoronethanes %onlc acid
and  gyé giddssearth netal triflate selected fromthe gipggmred 20 April
2006 WO 03/045885 PCT/ US02137305 consi sting of scandi um
~trifluoronethanesul fonate, ytterbiumtrifluoronethanesul fonate, and

| ant hanum trifluoronet hanesul fonate. 5 16. The process of. Caim1l15 in

whi ch tbdmsiatddiylg of ubdaombitum itgidflubhemétiand=ar1Lc888eB, wherein Ais Cl to

C8 al k L to,C8.fluorinated a ... C6 t 18, aryl. or C6 to Cl18

fl uor i%%%eerg’lélﬂf:?lgifﬁm@"?es%%@fef 3’igﬁa%?kﬁn%lgaf§gaéu%r ocess for making

3- al kyt &t fdrorbnbthéndsulfonatsd,.8' - oct ahydro- 2, 2' - bi napht hol and/ or

3,3 -dial kylated-5,5",6,6',7,7",8, 8 -octahydro-2,2'- binaphthol, conprising
comtacting 5,5 ,6,6',7,7',8,8 15 octahydro-2,2' -binaphthol with a benzyl,

secondggy Ghe pLbédad Yoralcaahnl 1605 alii 4 theoan@yio 20 carbon atoms, in the
presence of an acid catal yst selected fromthe group consisting of

trifl wesldosehants i dbiec formdlashit$Qu-E; wheredinHF, ipKasphoric acid, and
al um nym, gl 018028, FuohiSoeUntly, el A 2D dheein: Ris
to Cy¢ fluorinated aryl; and B is ¢ to Cpp alkyl.
10
ﬂ 17. A process for wmaking 3-alkylated-
5,5',6,6%,7,7*,8,8"'-octahydro-2,2'-binaphthol and/or
3,3'-dialkylated-5,5',6,6',7,7',8,8'-octahydro-2,2"-
.binaphthol, comprising contacting S,S',G,G',?,?‘,B,G'—
15 octahydro-2,2'-binaphthol with a benzyl, secondary or
tertiary alcohol containing from 3 to 20 carbon atoms, in
the presence of an acid catalyst selected from the group
consisting of trifluoromethanesulfonic acid, sulfuric |
acid, HF, phosphoric acid, and aluminum chloride.
20
18. A compound of the formula

25 wherein:

| R is H; and
R’ is ethyl, C; to Cg secoh&ary; tertiary,‘or'cyclic
alkyl; ' '

or a compound of the above formula wherein
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R is ethyl, C3 to C6 secondary, tertiary, or cyclic alkyl; or a conpound
of the above formula wherein - 28 20 April 2006 WO 03/ 045885 ABGT 44602/ 37305
R and R are the same and are selected fromthe group consisting of ethyl,

C3 to ary or cyclic alkyl. 5 19. A conpound im 18 wherein R
and R‘CQP@&? gg sanme are selected fromthe group congggpgkgho et hyl,

i sopropyl, cyclopentyl, and cycl ohexyl. 10 - 29
R and R’ are the same and are selected from the group
consisting of

ethyl, C; to Cs secondary or cyclic alkyl.

5
19. A compound of claim 18 wherein R and R’ are the
same are selected from the group consisting of ethyl,
isopropyl, cyclopentyl, and cyclohexyl.

10
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