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3- ALKYLATED- 5, 51, 6, 61, 7, 71, 8, 81- OCTAHYDRO- 2, 2' - 5 BI NAPHTHOLS AND

3, 3' - DI ALW®loa0Esss5, 5' ,6,6',7,7', 8,8 - OCTAHYDRO 2, 2' - Bl NAPHTRGLE3BND
PROCESSES FOR MAKI NG THEM FI ELD OF THE I NVENTI ON This invention relates to
t he conpositions 3 10

al kyl ated-5,5"',6,6',7,7',8,8" -octahydro-2,2'-binaphthols and certain

3,3 -dialkylated-5,5,6,6",7,7", 8, 8pprpgt ahydro-2, 2' - bi naphthols and to
processes for making 3-alkyl at ed-,

3, 3" -di al kyl at 83dABKBLABED-5757, 68687, 8¢t Ah§dr OCZAEYDBPRApAL hol s,

generally. N THE Phosphor oys;bgseqd Ligands are
usefu?éas péipﬁgﬁggﬁgy géﬁi?ygk'éggFg%*gﬁth ogtf?a?|y7r2§o?t h? reactions
such as hyeraiyoryd A1 o aEbHIHbIS Yana tiROTESEES i WARANG igamms i ncl ude

phosphi nes, phosphinites, phosphonites, and phosphites. See PCT patent
applications WO 99/06146 and WO 99/ 62855. Bot h nono(phosphorous) |igands

and bi s(phosphorous) |igandsgagepubk! rgRdriPeimeor’t- Mono(phosphorous)

| i gands are conpounds t hat contarn—a—25ﬂﬁ7nﬁ1rpﬁusphorus at om whi ch serves
as a donor to Zhikr dnsenhtdonretdkteshicbe thes cphpephitivss Bi-gands, in
general, contain tw phosphorus donor atons and ygi,cal.l 0 cyclic

chel at@ s@ﬁ&@ﬁ&F@?'@Péh'ﬁwénsﬂvﬁon8'ﬁefaFgéhggrﬁfécgs§§§n%8Lt%Egs

prepar ati giokedcdindizabkyliialkylated-5,51,6,6',7,7',8,8"-

55,6,6',7,7",8,8" -octahydro-2, 2' -bi naphthols, unlike their
3-al kyl - 50%8°tagyeroz 272 ' g bdnapbtameér engd 2o- pyoggpkeRolfcanEREERI appear in

the literatune, 1QESUCN g 3 37 _qialkylated-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 99/06146
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) ligands, 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',7,7',8,8'-octahydro-2,2"'-~
binaphthol analogs, appear in the literature. One such

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



process, disclosed in J. Chem Soc., C 1971, 23, teaches WO 03/045885

PCT/ US02/ 37305 the preparation of 3,3 -di-t-butyl-5,5",6,6',7,7'8,8"-

oct ahydr ow@,02/043885apht hol s by the coupling of 3-t-butyl- PCT/US02/37305

5,6, 7, 8-tetrahydro-2-napht hol using potassium5 ferricyani de and

Fed 3-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- tetrah¥dro 2- naphthol to
gi ve 3, S'EHﬁ PrERRyRE30Y OF, 837 P 8" Butydr Ehpdr 66 "bBn&pht hol can be

cart! ed oulrdhlited- ba5geb§ﬁ%§ﬁ§hwﬁg2b 1Qhe2985bﬁ§ag'efw@'9hbh yinot her

process, In Acta em Scan 1970, " 24, 7580, teache
coupl i ng 6f, 6374 8diteetrhlydrb-8-Aaphtbbdahgdng- ohapktihol to give 3,3', 4,4

tetramet hyl -5, 5 Y AR oct ahydro-2,2' 5 bi napht hol wjth 43%
vel 0y tergicundife: gvd rasl 1A thdas i MR e F by
3,3 - dl”EQB%|an@ 8%, 6 r@sp@czlvgl$ OQHQBYQEQCZOZedthaﬁhbhO| by Li Al HA
reduction of 3,3 -di(brononethyl)-5, 6,6',7,7",8,8 - octahydro- 2,

2' - bi naphERyP1ing ?ﬁeﬁethé§tﬁéeﬁ ﬁ®7n§p§?FrﬁHYﬁﬁ@ Brigphahelr sgar di ng aci d

tal yzed 16657 7’0880 h ht hol t
broduce 3931 Ey P8 B1 o BRRY10 75" 661 6Ly Rhvarr & 2P BinLORCRAT S or 3.5 -

di al kyl - 5pinaphbhpl, ¢a8, Be- aatahydrOuz ﬁlthlaambtgelsxcéésAMnchatalyzed
aIkyIatloQ aof phenol.s is kg in For exanmple, U S. Patent 4,912, 264
di scldbes K8t &EFBFSI yRal¥fdI LAt al yzed phenol and napht hol al kyl ation. U.S.

Patent 2,733, &Eétﬂb%cbg§@§s%reaQ%ciBEEQHhﬁ aekd eatal.yzedngphenol
alkylatlon J. Am Chem Soc., 1945, 67, 303 30 discloses alum num chloride

catalyzedlﬁﬁénop4alﬁ?patF@ﬁCheS the coupllng of 3,4-dimethyl-
5,6,7,8-tetrahydro-2-naphthol to give 3,3',4,4"'-
tetramethyl-5,5',6,6',7,7',8,8'-octahydro-2,2"-

15 binaphthol with 43% yield. J. Org. Chem. 1978, 43, 1930
discloses the preparation of 3,3'-dimethyl-
5,5',6,6',7,7',8,8'-octahydro-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., 1943, 35, 264
discloses sulfuric acid catalyzed phenol alkylation.
Friedel-Crafts alkylation of aromatic compounds has also

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



| ndustrial and Engi neering Chem, 1943, 35, 264 discloses sulfuric acid
catal yzed phenol al kylation. Friedel-Crafts alkylation of aromatic

conpoundswbas/oaiss® been revi ewed. For exanpl e, see O ah, PGI/U&02/FdRdel - 2
WD 03/ 045885 PCT/ US02/ 37305 Crafts and Rel ated Reacti ons,
Wl ey-Interscience: New York, 1964, Vol. 11, part |, Roberts, R

Friedel-Crafts Al kylation Chem stry, Marcel Dekker, 1984, and March, J. 5
Advanced Ergdisc acieRedeted ReERCEAPPPonV1WeY ey ntPREEL 8B FEiceNeNew Yor k,

1992, PP 933153996ReCRBY | Yyrl t otiRe €] SpbBsedslNAL raks eRnlp At
trifluoronethanesul fonaieées as ﬁater-tolerant Lew s a0|3 catal ysts can be
utilized Rdkbliaedein- CheftistalkyMariceh Dekebrbeh2éde and Mhepbl, derivatives

with seco ry alkyl nethanesul fonates, SynLef.t.,, 1998, 255-256 and
Synthé%isgg%§é§?d2é59€56? %EeW§Sﬁ5Y’p acF§§§P£¥b ﬁééqMVMkﬂw a | arge excess
of  M02, 1gec@¥%encacst.oNehi o8Rk! i ¢osnpuph eh4pgtgssi um 15 ferricyanide to
carry out industrial scale preparations of alkylated, hydrogenated

bi napht hol s. SBeReatpirocésswagodigchesedpEbpedregegenstat Beaalar ge anount
of bypfOggggguP¥aﬁ@%kgags§$£p§§ggggg§;gatertEsla&gntoaeaispgaﬁh'ca' and

general e O prepare
5,5,6,6" cdrédly8c8' caat hbydral2z2d- bhnaphthellsCaadts, 3lkylation
di al k Iateg-g,S',G,G',7,7',8,g'aoctah dro-2,2' - binaggthols SUMMARY COF THE
| NVENT ON®25 °FRZFE'S B8ApBErEPONIGF INaELEFSa¥pEbt SeER BF@S@HFY i nvention
provi des Zeahkykal.@¢onabest. 65eé, dynBeBt, @0bahYdEE-258" zbignaphthols of the
formula (1) and 3, 3' -
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 process
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

25 In its composition of matter aspect, the present
invention provides 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).



di al kyl ated-5,5",6,6',7,7',8,8 -octahydro-2,2'- binaphthols of the formula
(2). - 3 WD 03/045885 PCT/US02/37305 54 RR6 37811 2OHI H 5 6
1' 2 OH /woH3n#ses \ | 81 4 R 2 whereini R R R CH2PCRUSR/I3BIR is Cl
to C20 al kyl, C3 to C20 cycl oal kyl, or benzyl of the fornmula wherein each
R is independently H, alkyl or cycloalkyl of up to 6 carbons; provided
that in fornmula (2), when R is alkyl, the al kyl nust be_other than nethyl
or t 10 butyl. Init$§ firkt,pfocess aspect, the_present /i'nvention provides
p z at ed-

0- 2, 2' - bi napht hol

5,5,6,6',7,7',8,8
di al kyl at ed- 5, 5' . bg8 AL A 8%Hoct ahydr o- 2,
5,5',6,6',7,7",8,8 -octahydro- 2,2'-binaphthol wth}an al kene or
cycl oal kene in the Rresepce of an acid catal - as(gluninun1chloride,
trifluoronethane % H

8' 4' R
1 2
wherein:
R' R'
R’ CHy—
R' R'

5 R is C; to Cye alkyl, C3 to Cyo 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-

10 butyl.

In its first process aspect, the present invention
provides a process for making 3-alkylated-
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"'-

15 binaphthols by contacting 5,5',6,6',7,7',8,8'-octahydro-
2,2"'-binaphthol with an alkene or cycloalkene in the
presence of an acid catalyst such as aluminum chloride,
trifluoromethanesulfonic acid, tosylic acid,
phosphotungstic acid, silicotungstic acid,

20 phosphomolybdic acid, zirconium or aluminum triflate,
polymeric perfluorinated sulfonic acid (such as the
DuPont material sold as Nafion®) and polymeric sulfonic

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



phosphot ungstic acid, silicotungstic acid, 20 phosphonol ybdi c acid,
zirconiumor alumnumtriflate, polyneric perfluorinated sulfonic acid
(such as wba3oBsPont material sold as Nafion(r)) and pol ymeriusozsiddoni c
acid (such as the material sold by Aldrich as Anberlyst(r) - 4 WO

03/ 045885 PCT/ US02/ 37305 15 ion-exchange resin or the material sold by Dow
as Dowex 320). In its second process aspect, the present invention 5

provi des &5phesesxchengeakiesdn3osl kipafiegerial sold by Dow as
5,5',6,6'D§Wék,§283-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
5,6',6,6',7,7 I8 8tsockabyndr pro2e?'s- bepeapht hthewptreskanzinveakides or

tertiary alkyl 10 halides in_the presence of a.Lewi s acid catalyst, such
as aIdﬁinﬁﬁP&ﬁP&FiGePGPCfFﬁcfSHIQF%&QQ I§'9§§Y9ﬁ$F§'process aspect, the
present imventigoR ' Brovi desg acpitaegasofor 2makiingpdtabiyl ahads, 3« -
5,5,6,6',7,7",8,8 -octahydro-2, 2' -bi naphthols and 3,3" 15

di al kyl at dagkglaged-5757" 68 68" 7odt aBydr oogtahydrionapRt hol s by contacting
55,6,6",7.1 -0 -..2,.2" =bknapht.ho it l,kyl at es,
quorinatgénépPgP%lgu?&ggggggftgpéyF’Eehgéheéhrpghgfgs,gggﬁgkégﬁ p

t ol uenesubf,anabesaphthibd prietebeazofli anliaded oat akystiark0aditgh as
trifluoromethanesul fonic acid or scandium, triflate. Ln its fogrth process

aspectO t HelpPESeAn EhGeREESHT Hr OVi eSS 1Fr 8C&Ss CRGAINEKI n§U S al kyl at ed-
5,5,6,6 44, 3'1&&%@9%%@?&%@- ér27ihknaphbheke and 3,3 25

di al kyl ated-5,5",6,6',7,7',8, 8 -octahydro-2, 2" -

In its third process aspect, the present invention
provides a process for making 3-alkylated-
5,5',6,6',7,7',8,8'-octahydro-2,2'-binaphthols and 3,3'-

15 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 alkyl sulfonates, fluorinated alkyl
sulfonates, alkyl benzenesulfonates, or alkyl p-
toluenesulfonates in the presence of an acid catalyst

20 such as trifluoromethanesulfonic acid or scandium
triflate.

In its fourth process aspect, the present invention
provides a process for making 3—alky1ated-
5,5',6,6',7,7',8,8'-octahydro-2,2'-binaphthols and 3,3'-

25 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 in the presence of aluminum chloride,
trifluoromethanesulfonic acid, tosylic acid,

30 phosphotungstic acid, silicotungstic acid,
phosphomolybdic acid, zirconium or aluminum triflate,
polymeric perfluorinated sulfonic acid (such as Nafion®)

or polymeric sulfonic acid.



bi napht hol s by contacting 5,5 ,6,6',7,7",8,8 -octahydro- 2,2'-binaphthol

wi th benzyl alcohol, or secondary or tertiary alcohol in the presence of

al um numwbloswsdes trifl uoromet hanesul fonic acid, tosyli ecaaisd2/3B30s

phosphot ungstic acid, silicotungstic acid, phosphonolybdic acid, zirconium

or alumnumtriflate, polyneric perfluorinated sulfonic acid (such as

Nafion(r)) or polyneric sulfonic acid. - 5 WD 03/045885 PCT/ US02/ 37305

In another aspé@tanpﬁ@eﬁré§@ﬁﬁthn@€ﬁtPéﬁsﬁ§taln86ﬁﬁé9ﬁdl§fathe fornmula R OH
5 i X is ethyl, C3 to C6 secondary, tertiary, or

cycllc WE%F%h%P §fc§ﬁ805%% of “the above formula wherein 10 R and R are

t he sane and are sel ected fror con8isting of ethyl, C3 to C6

secondary or cyclic alkyl. Prebherred corpoun ds are those wherein R and R

are the sane are selected frg \S|

i sopropyl, cyclopentyl, and c

| NVENTI ON The alkylated 55",

this invention may be prepare

55,6,6",7,7,8,8 -octahydro

catal yst, as shown below 6

Al LED DESCRI PTI ON OF THE

ct ahydro-2, 2' - bi napht hol s of
on of

in the presence of a

5 wherein:
R is H; and
R’ is ethyl, C; to C¢ 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, C; to C¢ 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.



WO 03/ 045885 PCT/US02/37305 R R HHH Al kylating agent + H catalyst HH
R 2 The starting naterial, 5,51,6,61,7,71,8,81- 5

oct ahydr owd,03/043880apht hol , can be obtai ned by the hydrogecatison3s

2,2' -bi naphthol using a Pt02 catalyst, as described in Tetrahedron Lett.
1997, 5273. The first process aspect of the present invention is a process
for making al kylated 5,5 ,6,6',7,7',8,8 - 10 oct ahydro- 2 2' -bi napht hol s by
an aci d-cat al yzed, sel ective aIkyIatlon of 5,5R 6,6, 7, et ahydr o-

2,2 -binaghit? al kenes or cycl oal s the pr an acid

cat al yst. Ot L. may _be a or ak OH. Suitable
catal ysts inclufde 15 t a%ﬂ%ﬁ@%ﬁ;>Al 13, trlfluorgnethane»ulfonlc aci d,
tosylic aci ﬁt ungshtdlystci d, siA C acig ras pRpnol ybdi ¢
acid, zird umnumtriflate, i perfl d sul f oni c
acid (suc material sold by D Naf i on(r ol yneric 20

sulfonic acid (such as the material sold by Aldrich as Anberl 't(r) 15

i on-exchange resin or the material sold by Dow as Dowex 33(r)).
Phosphotungstic acid is preferred. The al kenes include nonoethyl enically
unsaturated conpounds containing from3 to 20 carbons, such as 25

propyl ene, but cy¥ckopegnten ckohexene, etc. The
reaction nmay bgﬂgafgggg§ggtmg%é%§§& 5 % %prgferaéI$ at 90C to 180C,

when nmbnooctahydro-2,2'-binaphthol, can be obtained by the
hydrogenation of 2,2’-binaphthol using a PtO; catalyst,
as described in Tetrahedron Lett. 1997, 5273.
The first process 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,
selective 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. Suitable 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 monoethylenically unsaturated
compounds containing from 3 to 20 carbons, such as
25 propylene, butene, pentene, hexene, cyclopentene,
cyclohexene, etc. The reaction may be carried out at
20°C to 220°C, preferably at 90°C to 180°C, when mono-
substituted or 1,2-disubstituted alkenes are utilized as

alkylating reagents, and 40°C to 90°C when 1,1-

- 7 -



substituted or 1, 2-disubstituted al kenes are utilized as alkylating
reagents, and 40C to 90C when 1,1 - 7 WO 03/045885 PCT/ US02/ 37305

di subst i twoesip43883 - substituted, tetra-substituted or aryPesmissyiBes ed

al kenes are utilized as al kylating reagents. The al kyl ati on reacti on may
be carried out 5 neat (w thout solvent) or in inert solvents such as

ni tromet hane, nethyl ene chl oride, dichloroethane, chlorobenzene,

di chl or ob&rsewet ititeshefzéne s ta tuEshni hetiran Sobsthéssesor¥ents. O her
solvents UG 2npengeleq LaKUALR L200uXhgaeaTaY BhRg1le iged, but the 10

sol vents becone “al kyl en the boiling point e al kene is
| ower t harretalmnltesactrhen atléxmlaltabmnr geacthenr eagt bencaemy iked ocakri ed out in an
autoclave or by d|n% éhe aIkene at .at nps ressuge The reaction

may be® cafSi&d &HF HtafOIYEsE) aPd WRerd PERE %Sﬁweﬁ S18Y56i A of the

sol vent ( S)hiitSchiR@ankhahethg1eerCthaBribenPean ahtbecefnbaege excess of
al kene over binaphthol givés doubl e al kyl ated

55,6, 6'Chlwr0®e®26@@taﬁy@hdorgb@ﬂzﬁmﬁapﬁﬂﬁepbeWﬁﬁP@ &Bodt two equival ents
or less of Ikene Ia Vi ; t ro-2,2' 20
gbt% Ehe%e EV%BF PE&F%te%l%enQ% %G%% Qs

blnaphthof§ g|v nono an
5,5, 6,6 benkend,8'toltiaky dand? xzlechienaplt haks. beTheesecud phecess aspect
of the present invention is a process for _ pakin

55,506 Splrengsgmayobesmigr §layratsinapitRe) ¢ %ﬁ bﬁélﬂE§CPP6Htof 25

5,5, 6, 6" of £ned aﬁke%%tQQVQB%e%’%hag'@%Eh&QQEthhhte %@%ﬁkugél'de or
tertlary al kyl halide in the presence of Lew s aci catalyst Sui tabl e

cat al yst s tihec Ingde ttijoa mh@lb@wCﬁngaﬁu@MﬁuwmchhoﬁM@991?WﬁcO@hb&r|de, bor on

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 equivalents 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

,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,, SbCls, and ZxCl,. Zinc chloride is

30 preferred. Suitable halides are bromides and chlorides.
The 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 -



trichloride, SnCl4, SbCl5, and ZrC 4. Zinc chloride is 30 preferred.
Suitable halides are brom des and chlorides. The reaction may be carried
out at OGVDE3AMEBEs preferably at 20C to 80C. The al kyl at ipem/usezst3ndn may
be carried out in inert solvents such as nitromethane, nethylene chloride,
di chl or oet hane, chl orobenzene, - 8 WD 03/045885 PCT/ US02/ 37305

di chl orobenzene, nitrobenzene or a conbination of these solvents. O her
sol vents Sia€hlasobenzene, nokyeRENZ8RE OxyReReMRApPahies Bé tBede but the

sol vent s gaxveg%gveoggékkxbﬁbsqtswésehtsgtbggzeagKykoﬁagh e Lgqused as an

al kyl ati ng reagent, e reaction is very selective towards nono-al kyl ated
5,5, 6, 6" x¢1éne8m8y- adtahypdr ased, 2bubi hhphshdtreavenmagehesewmer al

equi val ents, excess of  tertiary alk alide.are used., However, double 10
oyl ot caakgtSEed. et hegt it artivo  ba3Sadl RapHERAI “oedbnt ual Ly i <

formed whsmk§1beagg ex688at0f ther kkakyioal k¥l vBali de1kstuged and the
reaction is allowed to run at higher tenperature and for |onger tinme. Wen

benzyl h&pidedissmasedadkyaatatkyl at i Agér edgént 8, doubreakgdsenzyl at ed
5’5"6’6'2727Lb§h%gP9§E§h¥92 T%hgh'QEO@PQEh8huﬁb§lE8Egng§ES$ gl arge
i thHol 'I's , ITe

excess of "bBénzy e relative to birnaph used one
equi val enteetitiltg ab&gzyhahabedarér ekati. vHEowevery' déuble?, 7', 8, 81-
oct ahydro- 2, 2'-binaphthal) gives greQOWinaHtly mng 20 ben g%aéed
5,5 % 6 aFkylagegd 5ocf afiyfir 072, 2" 8 Bi nQFhEREASOThe fHFPGPé Péss aspect

of the presentuaAYentkORorhSaawhEACESSatgE BRKERG 8kkybatedry
55,6,6'",7,7",8,8 - octahydro-2, 2'-binaphthol by the reaction 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
is formed when a large excess of benzyl halide relative
to binaphthol is used, while one equivalent of the
benzyl halide (relative to 5,5',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
benzenesul fonates in the presence of an acid catalyst.
Suitable alkyl sulfonates are of the formula A-S0;-B,

30 wherein A is C; to Cg alkyl, C; to Cg fluorinated alkyl,
C¢ to Cy aryl, or C¢ to Cyo fluorinated aryl; and B is C;
to Cyp alkyl. Suitable catalysts for alkylation of
5,5',6,6',7,7',8,8'-octahydro-2,2'-binaphthol with alkyl

sulfonates include Lewis acids such as aluminum chloride
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25 5,5 ,6,6',7,7",8,8 -octahydro-2, 2' -bi naphthol with al kyl sulfonates
such as al kyl nethanesul fonates, alkyl triflates, alkyl

p-t ol uenewoloBosases, and al kyl benzenesul fonates in the pceasozgrded an
acid catalyst. Suitable alkyl sulfonates are of the formula A-S03-B, 30
wherein Ais Cl1 to C8 alkyl, C1 to C8 fluorinated alkyl, C6 to Cl10 aryl,
or CG6 to C10 fluorinated aryl; and Bis C1 to C20 al kyl. Suitable

cat al yst s agr PRy sriiddverids, sesewellyag oghgr. geidhgaralzsps- bi napht hol

wi th alky u ' L5 i aclds gsu .al ypi: pu loride - 9
WO 03/045gggﬁPé%?%gggﬁgbggégggﬁhﬁggr3n t???ruggfggféaggagrrhgg ot her acid
cat al yst s rageackatrtthf neapdnerhdhesekf snpch aei écandsyhi ¢ acid, and rare earth
metal triflates such as scandium 5 trifluoronmethanesul fonate, ytterbium

] Rapgsi ;

trifl udr oetianesaMESRARESUSEOPaRENal G TP uor onet hanesul f onat e.

Tri fl uor ot Fanesbhbenseeaah donakd, seanduenbhufl uor omet hanesul fonate are
the preferred catalysts. Alkylation of 5,5 ,6,6',7,7",8,8 -octahydro 10

2, 2' - bi napmeRdnorRypesbapgepiléanate - al r2Eupsorgobancprdfenasl §cad 90C to
180C. The jalgkyly %ﬁ?ﬂmr%%ﬁﬁpﬁeraﬁa¥hgﬁ %ﬁﬁ?bﬁQtQU%rgﬂah@e£%e§§%¥88tS such as
y €, on'te h e, ¢

ni tr omet hane, me [fene chlori car rachliori oroet hane,
chl or obenzenalvydictehl ondtkehzaenen o5 Bi,Brobeszene7or, 8ascepbtaayden-of these

solvents. O her . solvents sucg as benzene, toluene, and x%hene may al so be
&

used, 1®but 2v Ré ~SIPFEREECIRTAKePENE2RFRGFaLEE. 2Fhé 0 hr 5RuEOSE t he reacti on
of 5,5, 6p8eflrbbl$ &t~ o@etabydigoidc?’ - bhaaphikhokwhhhrakkykogul f onates

varies 20 dependi ng on stoichonetry and al kyl ati on reagent used. A
may be carried out in inert solvents such as
nitromethane, methylene chloride, carbon tetrachloride,
dichlorecethane, 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
5,5',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 binaphthol) 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 -



| arge excess of al kyl sulfonate gives doubl e al kyl at ed

55,6,6',7,7",8,8 -octahydro-2,2'-bi naphthol, while about 1.5 equivalents
or | ess oWoaBkyisssul fonate (relative to 5,5 ,6,6',7,7" , 8P8TAS0Ya3Yr 0- 2, 2
25 bi napht hol) gives predom nately nono al kyl at ed

55,6,6',7,7",8,8 -octahydro-2,2'-bi naphthols. The fourth process aspect
of the present invention is a process for naking al kyl ated _
5,5',6,6'91pmipemsChlééﬂéﬁydpbozpbotﬁnaabh?héplgy fRé1lFekerpeRi6f 30

55 ,6,6" Z:%", e =225 3bi : oW cohol ,

secondaryaéﬁé't§P§$§?§%§?%gﬁgfsagéghtg?%?ﬁgggcr%ggg1g§?g§%t§?ons, in the
presence efhilépniachdidat(alyht asSNatabh®)cahdl pellgmemékudelfbaicf ol | owi ng:
trifluoromethanesul fonic cig, tgsylic acid - 10 WO 03/845885
PCT/ USD2/ 87385 (SHFAnPRURTERFGY Pliel > phBBpREEHAGSEI £°5¢Pd2nSi PPEGFungst i ¢

aci d, phogpkenol ¥bdir¢aebfietRRh¥BBI E6npEr hkuar iBapedregwbfioni ¢ acid (such
as Nafion(r)) and polyneric sulfonic 5 acid (such as Anberlyst(r)15
i on- exchaAdsylasipnapnd Powex6,82¢7)Y. & Bf raecehwdhanésdl fonic acid is

preferred, . A i on _of : 6 .7, L., L~ gt dr,o- 2,2~- . hi napht ho
W th aIcoﬁépgpﬁébg%egéggrFgﬁggaﬁsa?a§o%?t§a§§6%? %péfé?a%PyCaFQQOC to 180C.
The al kyl akpea, plefeaebilgnapapobe carnBedcout The bbkylasdbuents such as

ni tronet hane, nethyl ene chloride, carbon tetrachloride, djchloroethane,
chl orbben¥&reL18PcRRYr BEeA2EReed APEr dBemZERE SPL1XSBERLPHAL B8R of these

sol vents. n& befetrBgh¥eNhetBYtBnasc-ReBzene, bakueReretrdckYbengemmy al so 15
be used, but the solvéents nmay becone al kylated. The product of the
reacti on dfichlrogtdang, 7ch8og8bbenzene, dichlorobenzene,
nitrobenzene or a combination of these solvents. Other
solvents such as benzene, toluene, and xylene may also
15 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 alcohol 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-2,2'-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 produced 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 -



oct ahydr o- 2, 2' - bi napht hol wi th al cohol varies depending on stoichonetry
and al kyl ati on reagent used. Wen tertiary alcohol is used as the

al kyl at i nyoagesisgs nono 20 al kyl at ed PCT/US02/37305
5,56',6,6',7,7",8,8 -octahydro-2, 2'-bi naphthols were obtai ned

predom nantly, even when several equivalents excess of tertiary al cohol
was applied. A |arge excess of the secondary al cohol (relative to

5,5', 6, 6' hydrocgagaldenappdr byarotopuaphirsl FegaFé OofiSse 25 to both nono

and doub'%iag%xg%geggggggu%%sii caka| usks pused il kg Riageyses of the

present 1 nvention unsupported or Supported. itabl'e supports
i ncl ude silicoBRideoxiade, phesphties, labanmdso cagi biec pireparadd apol yst yrene. 30

The compounds whi ch .ar roduced. b cess of . the present invention
can bégﬁs &S558 8§cﬁgnﬁé%ro%ﬁ§?8F %hégghgﬁ§u§Y688P§FﬁFﬁ8 li gands that are
usef ul tOpH&E?ho%@bﬁhb&ﬁ@i&@@twitﬂ tuen compunsiel Waden bhothe- 11 WO

03/ 045885 PCT/US02/ 37305 hydrocyanation and hydrofornylation reactions.

Bi dent at ePFRESSHESe OFi §AcdPTrasenfalinventarry udlergl recBrdelt 8te phosphite
i gands C%Qt%ﬁtgr%p%5§d1§§ a dd%?ﬁ%??§g7ﬂ”igc§r BaLelh Re2ddnlly by
q°p Wit Rds *vade by fh

contactin osphorochl’oridi'tes t he conpou e “processes
of the presértrenneentiecorilder eelecenteUs$nthBatientE 6id2hraP68 and

6, 069, 267, i ncor porated herein reference, descrihe selective synthesis
ot i Hont RPESPS: R0 HARraS fGalts o why SPGB RE R SRR di & & | 2

prepar ed FB@%&&HdTEQU%HHQSQQQHU§hb%bﬁBEQ%i@%i@ﬂﬂo%id@hﬁﬂa|aSPCh as o-cresol
and then treated in the sane reaction vessel with an aromatic diol to give
t he phenol such as o-cresol 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
substi;uted for the aromatic diol in the above process.

The compounds made by the processes of the present
invention can be used to make polymeric 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 Lewis 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. The hydrocyanation of
unactivated and activated ethylenically unsaturated
compounds (olefins) using transition metal complexes

with monodentate and bidentate phosphite ligands is well

- 12 -



bi dent at e phosphite ligand. The al kyl ated products of 15 the processes of
the present invention can be substituted for the aromatic diol in the
above pr owe3/0438Fhe conmpounds nmade by the processes of theCprssesmsos

i nvention can be used to nake polyneric ligands by a process which
conprises (1) reacting the conpounds made 20 by the processes of the
present invention with a benzyl chloride containing polymer, in the
presence &nown.ewBddeaspsec RhQEpsinisfdard) PRESPIPRY tend igeddtct of step

(1) wthaak Leashiods ggg%pts%r acRlehglt esGamRauRd,d Rybhe presence of an

or gani ¢ base. efera the Lews acid 25 Catalyst is zinc chloride or
al um num tiyldeicgenaandnt bé eahyaeindcbdde bssaturislkeky ceompoand$wo

ticularly i tant industrial, catal yti L '
phos phior uSSPSHCArFi RUOPPARAS Sard J6PEF: A-ShPUFBoyaRAT oA “aRd FsBfer i zati on

of branch@dcakbn'bessy@te%pfb&n@ﬁé_ﬁ&ﬁ&bbganaEh@&paEtarbhg@ads are
particularly useful for both reactions. The hydrocyanati on of wunactivated

and acti vatiaylechypenndsl-l y unsaturated conpounds (ol efins) using

| gands i 5 vel FrasBgBLRETRs e do R R R o A s et at o
phosphi ni peoardsphhaphonifle zkisgands lgsesusetiel fasmpahvsphoaueat al yst system

for the hydrocyanation of ethylenically unsaturated conpounds. 5 Bidentate
phosph? ni C€MAIRAES gﬁga§9§o EfHFeagprgPSB ing géﬁé t system for the

hydr ocyangtj-amaehgatepRbkpniviedy! i60mpewRdsorHydhal plmpakl. onThe anot her
industrially useful process that utilizes catal ysts nmade from phosphorus-
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, C; to C¢ 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 and R’ are
the same are selected from the group consisting of

ethyl, isopropyl, cyclopentyl, and cyclohexyl.

- 13 -



10 containing |igands. The use of phosphine |igands, inc
di phosphi nes, is known for this purpose. The use of cat
phosphi t ewbiogasdss i s al so known. Such catal ysts usually
VIl netal. See for exanple, U S. Patent 5,235,113, the
which is incorporated herein by reference. The present

relates to conpounds of the formula R OH HO R wherein:
is ethyl, C3 to C6 secondary, tertiary, or cyclic alkyl;

| udi ng

al ysts nmade from
POMUBI2I3B0 oup
15 di scl osure of

i nvention al so

20 Ris H and R

or a conpound of

the above fornula wherein R and Rgaiprige same and are selected fromthe

group 25 consisting of ethyl, C3tTo €6 sSecondary or cyc

l'ic al kyl.

Preferred conpdh&dioaﬂewﬁhgs@cmhédeﬁmiRgandeRTeae@tathges&mam@ﬂesselected
fromthe qup. consi $ et hy i SO pentyl , and
by ol oty 1P aB20 S hon Rags <sErrLEs) S9RpeBLE R, £8” The ESFERMEng

non-1imtiipgentgpnesentati ve exanples 5 illustrate the

processes and

conpositions of the present invention. Exanple 1 Synthesis of

3-isopropyl-5,5,6,6',7,7",8,8 -octahydro- 10 2, 2'-binap

ht hol and

3,3 -diisopropyl- 5,5 ,6,6",7,7 g gﬁiggtghydro 2,2' -bi naphthol A m xture

of 5,51,6,61,7,71,8, 81- octahydro-
Synthe51s of 3-isopropyl-5,5',6,6',7,7',8,8'-0

ctahydro-

10 2,2'-binaphthol and 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'-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"'-

binaphthol. Small amounts of isopropylated 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
containing 38% of 3-isopropyl-5,5',6,6',7,7',8

9)

18'_

25 octahydro-2,2'-binaphthol and 33% of 3,3'-diisopropyl-

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

3-isopropyl-5,5',6,6',7,7',8,8'-octahydro-2,2"'-

binaphthol:

13¢c NMR (CDCl3): 22.57, 22.63, 22.96, 23.02, 23
30 27.09, 27.14, 29.3, 29.4, 112.9, 118.4, 119.2,

129.5, 130.1, 131.0, 132.5, 133.9, 137.2, 148.7,
ppm. 1H NMR (CDCl3): 1.27 (d, J = 7 Hz, 6 H), 1.

4H), 1.75 (m, 4H), 2.23 (m, 4H), 2.76 (m, 4H),

.2, 26.9,
127.7,
151.5
68 (m,
3.28



bi napht hol (30.0 g), xylene (5 m) and phosphotungstic acid (1.5 g) was
heated to 140C. To the m xture was 15 added propylene (8.9 g) slowy via a
dry-ice cwpdenssss CC analysis of the reaction m xture i mdrasppsaizvhat 98%
conversion of the 5,5 ,6,6',7,7',8,8 -octahydro-2,2'- binaphthol. Snal
anount s of isopropylated xylene mere observed as well. The m xture was

purified by flash 20 colum to give 14.5 of 3-isopropyl -

55,6, 6 (Bepteg, 8- gct’abgdr 12, 24~ t§|1ne(|§ht A&, Apé31de, 18)7 §-8B

3,3 -diisopro 5,5 8 ogt.ah f 2' - bi napht hol, nmp 152-3C,
and a HIXBUYEH%Q5 750éongé|é?ﬁ 588803%3 ngpPgﬁyl 5,5',6,6',7,7',8,8' 25
octahydr03232-dbum@phb@gﬂ -anae' 33%50f7373 8di8i'soprepykdro-2,2" -

5,56',6,6' é% %@ oct ahydr o- 2, 2' - bi napht hol .

3- |soﬁ$op§Pn§ 1§ 7,7 ,8,8 -octahydro-2,2' - binaphthol : 13C NMR

(CDC13) : zzmmzac@@,l 32. 9627234027 2372822619, 1) 3012280%m, 23u}9, 29.3,
29.4, 112.9, 118.4, 3 2, 127.7,  129.5, 130.1, 131.0, 132.5, 133.9,

137 2, 148. 73 184, 5H ppﬁllﬂH NBRQ(@Dclsﬂ =1127 édHZJ 40y ,H2,- 76 , 1.68 (m

PCT} = 3‘%30?1 |j)( Septet 4%50 _%H)” 4 %%tw éHL %8 %‘21 v\g %ﬁl q%58,856 83

(s, 1H), 2] (s98lHs, 2H08pem. 1H) ppm

3,3 -diisopropyl-5,5,6,6",7,7",8,8 -octahydro-2,2'- 5 binaphthol: 1H NWR
(CDC1RY: 1.27 (d, J =7 Hz, 12 H), 1.68 (m 4H), 1.73 (m 4H), 2.17 (AB q
&t, J =17, 6 Hz, 4H), 2.78 (t, J =6 Hz, 4H), 3.27 (septet, J = 7 Hz,
2H), 4.64 (s, 2H), 6.98 (s, 2H) ppm

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'-octahydro-2,2"'-
binaphthol (44.0 g), dichlorobenzene (10 ml) and
phosphotungstic 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 monoisopropylated
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
Synthesis 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.
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10 Exanple 2 15 Synthesis of 3,3 -diisopropyl-55,6,6",7,7",8,8" -

oct ahydro-2, 2'-binaphthol A m xture of 5,5 ,6,6',7,7",8,8 -octahydro-2, 2'-
bi napht hov0(0444883), di chl orobenzene (10 m ) and phosphoramgsoi/z73eci d (2. 3
g) was heated to 130C. To the 20 m xture was added excess propyl ene via a
dry-ice condenser. The reaction was nonitored by GC analysis. The
reaction mxture contained 6 % of nonoi sopropylated product and 83 % of

di i sopr opyihet é&xﬁﬁk}’dﬁjws P ifiledu by cwésmyu B tRETAPAYh col um to give
20.0 g of i's | - o , r

bi napht hol ?ss*éiiC% 1, gl idh g,°3'e1t§‘| 8%‘3%3%%9?’%%%9 %é’ 7.71,8, 8' -
30 oct ahydrield 2915 @autz}izolﬁ) oA m,x3t uldﬂ'c(yfclopentyl—

5,5,6,6',77",8,8" -octahydro- 2, té)ilna tg %g phosp otungstic acid
(2.4 gF arfd 'cyfelbopdnt’end (858°® rOhar ged bt ﬁ‘taé’ 33? reactor. The
react or washeat add qukdQencari )4@2heud, s 25 315 2¥06@3/ Q%&&S PCT/ US02/ 37305
The m xture was purified by coI um chromatography (SI lica gel eluting with

2% et hyI Bet7 eBRex7§ne)39t @0,yildi8d 589. 32§ -142 HP 90203, 32-9d|7c31ycl opentyl 5
505",

(CDC13) 221%36 9’125&%? g‘r Oé%r @Rbl @?ﬁ}éql 3%@@”@9 é@zgﬂé%gz?w?zs 14,

129. 20, 12(91 741,H , 133 69;1 (tl49‘_141 plpm 24, NMRzOC[DE;i;&)nte]: 60 @Em7 H&,H), 2.0
(d, 4I—?) (t, J— 2I%|) (1%L§| nt et = 7 Hz,
1H), 4 '55 (s, 1H’) 92 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
% 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®15 ion-exchange

30 resin 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-dichlorobenzene, 13 weight% dodecane) was
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10 1H), 4.55 (s, 1H), 6.92 (s, 1H ppm Exanple 4 Al kylation of
55,6,6',7,7",8,8 -octahydro-2,2'- binaphthol with propyl ene and

phosphot umQaBiesssci d 15 catal yst A sol ution of PCT/US02/37305
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'-bi napthol, 63
wei ght % o- di chl orobenzene, 13 wei ght % dodecane) was 20 heated to 140C for 3
hours und&eateS 6°7649SC éPr Br BRYIFENBTARTL RE FPedENBEL0PL17 wei ght % of
phosphot u ' [ a LSl REi gat ed - on [ [0)
5,5',6,6'%%§;&?§%%'ggbtaey ?%¥ %%?_B%iggpﬁgé Qg%zogor§§%§329§? e

3, 3' - di i sapnepexckanges' rés6n, purch8sed- dcvahpddoizh2' (Pbi Bept REE, ( 55%)
Exampl e 5 Al kyl ati on_of " o 0y L 8, 8- 0oct ahydr.o-2, 2' - hinapht hol with
propyl%neméﬁﬁéﬂﬁﬁgrlVﬁt@§?§% ggg)exc§§n88a1§5lFe§%%lESES%y§PBA sol ution of
5,5',6, 6" cbnerdi®n ¢t aBydrog2s2', 7, birngpshobciangdgicchl erobenzene and
dodecane (24 weight %of 5,5 ,6,6',7,7",8,8 -octahydro-2,2'-binapthol, 63
wei ght % obdinaptdedbendedeormasinai ght 3» dodeéasepr@Ryl- 16 WD 03/ 045885

PCT/ US02/ 373Q5 gated ,t 40 oyrs ,u o] opsSiL..Qf propyl ene
in the prgégndg'gf’?7qwé?g%t%§gggk%§gglgé?(rgﬁggp?gﬁ? éégﬁgnégaresin

pur chased 3f-rnempaogtilcls , 6POsB6xX , 3553, , B, ' -natkbgdrdl 25220bidSArhoGC anal ysi s
i ndi cated 100% conversion of 5,5 ,6,6',7,7',8,8" -octahydro-2,2' - binapt hol
and Y mat{8F of 3, 3' -dii sopropyl -

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 under 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, Ohio). GC analysis indicated 100%
conversion of 5,5',6,6',7,7',8,8'-octahydro-2,2"'-
binapthol and formation of 3-isopropyl-

25 5,5',6,6',7,7',8,8'-octahydro-2,2'-binapthol (22%) and
of 3,3'-diisopropyl-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 propylene 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
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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 atwomn3/0iss& 5' ,6,6',7,7', 8,8 -octahydro-2,2' - bi napRChaiS02871365

propyl ene 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 Q24 wei ght %of 5,5, 6 6',7,7,8,8 -octahydro 2,2'-bi napt hol, 63
wei ght % o3dioéhl5o bénﬁéné 713 8wSi' gRCHPIYEECaRe P 'Ri NaREREdd 68 140C for 3

nours Undele 6 a0 o7 03, 8bf%912%%py'1%n%eéaggbed?a%f%sﬂg? Rhgl? weight %

Naf i on(r) ica purc ase rom Engel har I on AC 13,
Engelhardheeme@.tBea@mwaodprChlhpur@Cuadaky§mstpnd@caBedofOO@b conver si on
of 5,5',6,6', 8,8 - ?Ft%#ydro 2,2 ﬁlnapt and formati on of

3- |soﬁ?op?F°?§ §n§ s & esgnge’ of I\ HEGIRE -bi napthol (22% and of
3,3 - d"5QQ&Q@HOﬁ%ﬁ@tb@m@suﬁfgna% %c1@Cb®h%QQQC% purchiBept kebm( 54%) .
Exanple 7 30 Al kylation of 5,5',6,6 8, 8' -oct ahydro-2, 2' - bi napht hol

wi th prop@heﬁ@daﬁ@t@ﬂWSW@or@@@ﬂﬁaﬁééﬁlféﬁﬁ@Oxaéﬁé7@n §¥Iﬁ@é3@étalyst A

sol ution f 5,5.6,.6 7 gt G bi napt hol in
oodi chl or SoeRTBIY %y i éi?gr‘?g (834’ \%e@’%q’re%%b%l?f WD 03/ 045885

PCT/ US02/ 37305 6 ,%'qf7,95, 58”@ GOQEaﬁyﬁ&p82-QCP&hﬁdp@h&lZénﬂinapthol, 63
welght96o dlchlorobenzene 13 melght@6dodecane Wwas heated tq 140C for 3
hour st QInd€PT8G tHe™ @ pSi~ ISCPTEPYLGBy Pen& /ion t'hd 'pPedenCEtEEY#FOrei ght %

2,2'-binapthol (55%) and of 3,3'-diisopropyl-
5,5',6,6',7,7',8,8'-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 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% 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-5,5',6,6',7,7',8,8'-octahydro-2,2"'-
binapthol (77%) .
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trifluoronmethanesul fonic acid on silica purchased from United Catal ysts
(Louisville, PO Box 32370, KY 40232). GC analysis indicated 81% conversi on
of 5,5 ,W80®3/p4A895 , 8, 8' - oct ahydr o- 2, 21- bi napt hol and 10 f ecmaiSisT3as
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",8,8 -octahydro-2,2'-binapthol (25% based
on consuned 5,5 ,6,6',7,7',8,8 -octahydro-2,2'- binapthol. 15 Exanple 8

Al kyl ation of 5,5',6,6',7,7",8,8" -octahydro-2,2'- binaphthol wth propyl ene

and sul fated zirconi a catal yst o]
5,5',6,6',7,7',8,8'-octahydro-2,gg—géﬂ%énapthol I n o-di chl orobenzene and
dodecane (24 aekghhti®mob£5555!6666' 7777 8888 eotahhgdeez2222! bi napt hol , 63
welght96o chhIo o-e ' gs heated to 140C for 3
hours nder 238 AE5, ‘ 23REE ght %

sul fated 25 zi rconkasmﬁrsaéaadoar Qmwghlgwgahaabscsxmﬁge/m MEL

Chem cal s, Flem ng ySi s I ndicate conver si on of
55,6,6',7,7 ASS@lucapahydréwZ 2'6 thﬁaﬁth@LSén@Cﬁ@hwdﬁpoﬁ 8f -3-i sopr opyl -
5,5,6,6',7.7 oct ahyd p I nd 3

3.3 _dii sB’ﬁPSb’;’F?‘bg %n 6 ?‘l‘ Eilg?rbéeé* 88! tﬁ‘ﬂgdﬁi%é?ci?‘ bqfﬁép?’ﬁéﬁhﬁm. _ 18
WO 03/ 04588%fPETEUSB2/6373Q5 Exarrpbetah@xakpl at,zonbahapthol, 63

5,5,6,6',7,7",8,8 -octahydro 2,2' 5 binaphthol with propyl ene and Dowex
32(r)1Q|Oweég@ﬁén@gdlchlorobenzene, 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-
5,5',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 silica) 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-

,6,6',7,7',8,8'-octahydro-2,2'-binapthol (63%) and
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resin based on sulfonic acids) catalyst A solution of

55,6,6',7,7",8,8 -octahydro-2,2'- binapthol in o-dichlorobenzene and
dodecane wa43massght % of 5,5 ,6,6',7,7', 8,8 -oct ahydr o- 2p2TAlshzizmoHhol , 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 propylene in the presence of 17 wei ght%
Dowex 32(r), Dow No. 8435445, purchased from Dow Chem cal (M dl and,

M chi gan, 98SA). 3 'adidmapysicy Li5diccatted '100% e SnPer Sicsahysirer-2,2" -
5/5,6,6" %, ' -.act@hydro-2, 2' -bi napt hol and formation of
3-isoprop%ﬁpéPgﬁPg,é‘??fg“,8,8'-octahydro- 2,2 -binapthol (25% and of

3,3 -diisopropyl- 5/5,6,6",7,7",8,8 -octahydro-2,2'-binapthol (55%. 20
Exanple 10 Al kylation of 5,5 ,6,6.,7, 7 ,8 8 -octahydro-2,2'- binaphthol
with propyl ene” and Del oxin(r) Asgijﬁgﬂﬁ§ﬁgﬁlfonic acid on silica) catalyst
A sol ution of A2x91a€ibn, 6£75, 88666t ahydr g, 8,20 tdhyBirBapt hol in

o-di chl or obenzene and dodecane (24 wWer ght % of

5,5 ,6,6',7, 7'binaphthohiwih- tertianyrhutinl clprige @ndyzince

o-di chl orobenzene, 13 wei ght % dodeganel yas, sgeated to 140C for 3 hours

under 60 to 70 psi of propylc ce of 17 wei ght % of

Del oxi n(r) 30 ASRikahleyl ifl 5Q15i'G 636i'd 7917 'Si8l, iscapqurbgideed 2hy 'Begussa

(Hanau, Deutschland). GC anal ysis indicated 100% conversion of

5,5',B@G'F?P?PF@Pé'Jéc@aﬁydr6J?F2chlBFﬁ§ﬁtH8P4aﬁa'fGP%ﬁFpgﬁrﬁf(§-isopropyl

5’5"6’6'nﬁ%7'a%dSEéQ%ﬁ%H&d&Q&%ﬂzEhﬁb&%@%hQHO(%3%Ma%n@eateggtomo 03/045885

PCT/ US02/ 37305  of 3,3 -diisopropyl-5,5,6,6',7,7",8,8 -octahydro-2,2'-
60°C for 4 hours. GC analysis indicated 90% conversion

of 5,5',6,6',7,7',8,8'-octahydro-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 of 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, 8H), 2.09-2.34 (m, 4H),
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.
13¢ NMR (CDCl3): 22.9, 23.0, 23.1, 23.2, 26.8, 27.0,
29.2, 29.4, 29.6, 34.5, 113.0, 119.1, 119.3, 128.2,

25 128.9, 130.0, 131.0, 133.8, 134.2, 137.2, 1459.9, 151.6

ppm.
Example 12
Alkylation of 5,5',6,6',7,7',8,8'-octahydro-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)
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bi napt hol (<10% . 5 Exanple 11 Al kyl ati on of
55,6,6',7,7",8,81-octahydro-2,2'- binaphthol with tertiary-butyl chloride
and zi nc woloB/osssgke cat al yst A m xture of PCT/US02/37305

55 ,6,6',7,7",8,8 -octahydro-2,2'- 10 binapthol (5.0 g), zinc chloride
(0.4 g), chloroform (5 m), and tertiary-butyl chloride (10 g) was heated
to 60C for 4 hours. GC analysis indicated 90% conversion of

55,6, 6 WﬁS?'he8t8d- ot 88y ar gox, 2 5b|h|®al|§tshoF;Caﬁ@alﬁ/@rl@atlir@ﬁc@fced

3-t- butyI ) 1,1 8'c- @Gt ahydr 2 i %_ and of
3,3 -di-t 7%’ut Con’V r§lb % 757% 8%8)é d?t’éh %Ij %f[E%El napt—(zd?@- 2. 4%

based on mmmdlobna 50,161&6.1,071, bf, 8, &enaqﬂaﬁy&r'oé 2,'2'7-, naptshel The
m xture was purified by flash col urm chronato%r%%gy to él eId 6 g of

sol i d. 51HqQIVRh(i/éE§€I§)2' -pngpasods (98 ) Pags cems 09 2.34 (m

4aH, 2. 7%‘% 7% %”174H)’848660@%ah%ﬁk0 4.,8% _b3na %ﬁhol6 8&%( he 1H J =38
Hz), 7.047(d, 'TH,_J £'8Fz), 7.10 (s, 1IH) ‘ppm 13C NMR (CDCI3) : 22.9,
23.0, 23. rOOZ@dZIeZGtSOHZW;&tUIEQWQS 2@d¢d 29. oL 3455 NapH3. 0Thel19. 1, 119. 3,
128.2, 25.128.9, 130.0, 131.0,. 133.8, ,134.2, 137.2, 149, 9 151.6 ppm
Exanpl e 122K ¥ 6n SP 8 35S, §rid7 the 898088 ARVEF0 5™ - 30 bi napht hol
wi th benzyxralacelal wart ethiyfll derate! haresubiraaind cadiagehsmiweter e of
5,5',6,6',7,7",8,8 -octahydro-2,2'- binapthol (1.5

),
trifli®r omsridmesul Marned( Mtrl?gibrlélerc%@ﬁi Pé‘fir geﬁlr:@ﬂtaét@ﬁ M), and
benzyl al%@@@br@%e5ﬁagkrla12%as 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). H NMR (CDCl3): 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, 1H), 4.56 (s, 1H), 6.72 (d, 1H, J= 5Hz),
6.79 (s, 1H), 6.96 (d, 1H, J = 5Hz), 7.10 - 7.21 (m, SH)
ppm. 13Cc NMR (CDCl3): 22.79, 22.87, 22.91, 26.79, 26.94,
29.00, 29.07, 35.72, 112.78, 118.52, 118.90, 125.02,

20 125.71, 128.18, 128.68, 129.62, 129.%4, 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
30 for 4.5 hours. GC analysis indicated 70% conversion of
5',6,6',7,7',8,8'-octahydro-2,2'-binapthol and
formation of 3-benzyl-5,5',6,6',7,7',8,8'-octahydro-
2,2'-binapthol (95% )
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WO 03/ 045885 PCT/ US02/ 37305 was heated to 80C for 2.5 hours. GC anal ysis
i ndicated 73% conversion of 55 ,6,6',7,7",8,8 -octahydro-2,2' - binapthol
and for mavoos04883- benzyl -5,5',6,6',7,7',8,8 5 octahydroP2TaSetssmedt hol
(90% ) based on consuned of 5,5 ,6,6',7,7",8,8 -octahydro-2,2'-binapthol.
To the cooled reaction mxture was added 10 nL 10% NaOH. The | ayers were
separated, and the aqueous | ayer was extracted with ethyl aceate. The
organi c | ®peed wer eonsomedniitned, Slaghéd i h - Br Preocdpigdrand
concentra%egq_bggg Ehgﬁe material was purified by flash col um

chr omat ography Prea gel, eluting with 2% ethyl acetate/ hexanes to 5%
et hyl acetate/hexanes), to yield 1.13g white solid (58%yield). 1H NWR
(CDC13): 1.56-1.67 15 (m 8H), 2.03-2.21 (m 4H), 2.59-2.67 (m 4H), 3.93
(s, , 4.47 (s, 1H), 4.56 (s, =3mpke 24 (4 1H J= 5Hz), 6.79 (s, 1H),
6.96_(d, 1bkmdnssdbizde I-18oprapgi-605' 56l 6! ppiy  J8CsNVBEEREABD: 22. 79,
22.87, 22.9T26.79, Z20.94, 29.00, 29.07, 35.72, IT1Z. 78, I13.5Z, 118. 90,
125.02, 20 125.71, 128.18, 1282p8!-bppapbthodg 94, 130.83, 131.68, 134.76,

136. 96, 140.85, 149,07, 151.23, . | Al i ‘
?8TéXFBEFaﬁ% 553508 5??%9 g %?ﬁgfgéb?ﬁ&gggggl_chloride and

55.,6,6',7,7 ydro-2,2"- bi hap

zi nc chl obigiapheabal ¥et gA Bi.et tme10f, 3sbprép§l, hethaBe8uldonhabydr o- 2, 2' -

bi napt hol %0.59 g#é zinc chloride (40 ng), chloroform (2 m), and benzyl
chl orl@e ((B.-37§1°has EEatdd Vo t6dEI8GSf 3P - 3459m0aFe1%de 8R4l ysi s i ndi cat ed

oS e Syl (I o7, VB! SBAE 2L skt ithcond

argon. After 18 hours, GC indicated 65% conversion to
give 78% desired product. Additional isopropyl
methanesul fonate (3.1mmol) 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 agqueous layer

20 was extracted with ether (3 X 20 ml). The ether layers
were combined, dried (MgSOQO,;), and concentrated. The
crude product was purified by column chromatography
(81i0,, 2% ethyl acetate/hexanes) to yield 1.1 g white
solid (48%). MP: 100-102°C.

25

Example 15
Synthesis of 3-c¢yclopentyl-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'-
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2,2' -binapthol (95%) - 21 WO 03/045885 PCT/ US02/37305 based on consuned
of 5,5,6,6',7,7",8,8 -octahydro- 2,2'-binapthol. 5 Exanple 14 Synthesis of
3-1i sopropyb-03/0888%6, 6' , 7, 7' , 8, 8' - oct ahydro- 2, 2' - bi napht holPCTAISIY/x1305 € of
5,5',6,6',7,7",8,8 -octahydro-2,2" binaphthol (2 g, 6.8 mmol), isopropyl
met hanesul fonate 10 (5.5 mmol ), scandiumtriflate (0.34 g, 5nmol %, and
carbon tetrachloride (10 m) was brought to reflux under argon. After 18
hours, GCAGdRNYSTET 2620 OameEhdined -t FhegiMi&tre® HEsi fjé&uﬁleédl‘a’é-tth Addi ti onal

i sopropyl o tﬁEﬁh%@Rﬁth°%%59163 I b onag yaddeg q e Jgaction 15

m xture was refluxed for another hours GC shome %) conver si on, and
76% sel ectdeparptiea ,3amsiophepplqueous layer was extracted with
5,5',6.,6',7,7",8 8 -octa dro napht hol. The m xture was dil uted
with e%he@t@fﬁ'ﬁp)xé@& HCf @9%% qa?ﬁésl&?éﬁscﬁ@F%n§5barated and the

agueous |%MﬁkxﬂQN&ﬁ§)?Xtéﬁgtégnﬁéhhrﬁﬁéér (8n& 8Bust) prdbecethgs | ayers
were conbi ned, drired (MyS04), and concentrated. The crude product was

purialed @PH&ﬂhﬁ@whﬂ1 nog CaFippa teGEPhy2%SéOhy | 2acethy e/ hexanes) to
1.1 ite | 0 0- 2 | 5 th f
yre he%%@e%%($%A%1§H%. q ﬁ;g%&tf %?%ﬁﬁ'nggh $ﬁn esis o

3- cyclopeﬁt octa Hol “A mi xture of
55',6,6' ,N?/LR7 c&cﬁ; yactialsgdr(er,2,12' H3Q lki.nagphiholeH)2 @,. 66 gmmuolk) 5
cycIoPent¥£ nethanesulfonate
0 4H) , 18 (quintet, 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,

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.

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 alcohol (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 ether. The layers were separated, and
the organic layer was washed with sodium bicarbonate
solution, dried, and concentrated. The crude product

30 was purified by flash column chromatography (silica gel,

% ethyl acetate/hexanes) to yield 0.7g of white solid.
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(6.34 mol ), scandiumtriflate (0.34 g, 5 nmol%, and carbon tetrachloride
(10 M) was heated to reflux under argon for 10 hours. GC showed 93%
conver si oNOaBd43889% selectivity to 3-cyclopentyl-5,5", 6, 6'PCT/UR02/8385 - 22
WO 03/ 045885 PCT/ US02/ 37305 oct ahydro-2, 21-bi napht hol. The m xture was
diluted with ether (20 m) and 10% HCL (20 m ). The |l ayers were

separated, and the aqueous |ayer was extracted with 5 ether (3 X 20 nl).
The ether |ayers were conbined, dried (MJSO™), and concentrated. The crude
product Wasra [l Iurm chromat ography (Si 02, 2% et hyl

acetate/h 046 oty ¢ 4 g white solid (57%. 1H NWR (CDC13): 1.58
(m 14 H, 2.05 (m 6H), 266(m J=5 10 Hz, 4H), 3.18 (quintet, J = 8 Hz,
1H), 4.52 (s, , 6.73 (d, J=8Hz, 1H), 6.92 (s, 1H), 6.97
(d, J=BHzl-1H) Apﬁr?lmpi’i%lé%N%ﬁ Féﬁcf%rm";? 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 ,66',7,7",8,8 -octahydro-2,2' binaphthol (1.0 g, 3.4
mol ), tert_Autyl rohol (1.4 g), trifluoronethanesulfonic acid (0.04 g)
was di ssq m 1, 2-di chl orobenzene. The m xture was heated at 120C
for 2.5 hg howggl 97% conversion 25 to 87% nono-butyl ated product,
and 10% bi s™b ed product. The m xture was cooled, and diluted with 10
m water and 10 | ether. The | ayers were separated, and

wherein:

10 R is C; to Cy alkyl, C3 to Cyy cycloalkyl, or benzyl of

the formula

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

of up to 6 carbons; and/or a compound of the formula
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the organic | ayer was washed wi th sodi um bi carbonate solution, dried, and
concentrated. The crude product 30 was purified by flash col um

chromat ogwephp438si | i ca gel, 2% ethyl acet ate/ hexanes) t oPgiraisd2/873iy of
white solid. - 23 WD 03/045885 PCT/US02/37305 WHAT IS CLAIMED IS: 5 1. A
compound of the formula RI OH OOOH 1 wherein: 10 Ris Cl to C20 al kyl,
G to C20 cycloal kyl, or benzyl of the formmla R R R -0-CH2- R R 15
wherein each R igs |nepe8ently H, al kyl or cycloalkyl of up to 6

car bons; and/ or d of the formula - 24 WD 03/045885 PCT/ US02/ 37305
ROH OOCH R Rés Cl to C20 al kyl other than nethyl or t-
butyl, C3 to CZ Hor benzyl of the formula 5 R R

wherein R is C; to C,p alkyl other than methyl or t-
butyl, C; to Cy cycloalkyl, or benzyl of the formula

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

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 monoethylenically 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
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R CH2 R R wherein each R is independently H, alkyl or cycloal kyl of
up to 6 carbons. 10 2. A process for naking 3-al kyl at ed-

5,5, 6, 6'W0,03/04888' - oct ahydr o- 2, 2' - bi napht hol and/ or PCT/US02/37305

3,3 -dial kylated-5,5",6,6",7,7",8, 8 -octahydro-2,2'- binaphthol, conprising
contacting 5,5 ,6,6',7,7',8,8 15 octahydro-2,2'-binaphthol with at |east
one al kene or cycloal kene in the presence of an_acid catalyst. 3. The
process oPrepyileng WwhEtens t BENAENLeaEXERE . SYRERRCHICRFe| 68 kene is
nnnoethylgg%qghg%e nsaturated 20 and contains from3 to 20 carbon atons.

4. The process of claim3 wherein at |east one al kene or cycloal kene is
sel ect ed Br.om tthe groupseonsi sllanq 6f wher2in Whe03£045885aPEELUSB2/ 37305

propyl ene, hutene, pentene, hexene, cyclopentene, and c ohexene. 5. The
process of® F&Fﬁ%Zfﬁﬁ@régﬁ EHQuBcFﬁnféFgﬁ ?to'sa1§m§8F3c¥§é°Fﬁ§EVthe gr oup

consi sti ng qff 1B maeBkanirdai c heill, ueceyetbagesdyl,fonic acid, tosylic
aci d, phosphotungstic acid, silicotungstic acid, phosphonolybdic acid,
zirconiUWPEPBPMQﬁépgéﬁaﬁiﬁGﬁﬁ:tﬁﬂﬂﬂ&@épnﬁéﬁyﬁeﬁpédperfIuorinated sul fonic

actd and o0 -RAHIRIEE: SULLOR C 23¢cn fn 118 eRLOGESS18hiGLA M S wherein the
acid cataF&st I's aFfum num chl’oride, phosphotungstic acid, or
phosphonoleyidilatagi pol¥meric perfluorinated sulfonic acid and

10 polymeric sulfonic acid.

6. The process of claim 5 wherein the acid catalyst is
aluminum chloride, phosphotungstic acid, or
phosphomolybdic 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

between 40°C and 90°C and wherein the
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7. The process of claim6 wherein the acid catalyst is phosphotungstic
acid. 8. The process of claim2 wherein the contacting is 20 done in the
presence wb oan4dsest one sol vent selected fromthe groupPconsissizag of

ni tronet hane, nethylene chloride, dichloroethane, chlorobenzene,

di chl orobenzene, and nitrobenzene. 25 9. The process of claim2 wherein the
contacting is done at a tenperature between 20C and 220C. 10. The process

of clai m 8 Rhefeifr .{Thd 't 8mBér EGPEYPE O -Berviebri roDEERd igoC and wherein the
30 5,5, 68t 1c?:le’d88ﬁ:l:}'1(lz%ttalﬂég%9' 2relalikearhthokciea ¢RkAGHRd with a nmono-
or 1,2-d|su6§t|tute al kene. 11. The process of claim9 wherein the

t enper at ugeoup coetsieen ng0Gfand 190Csae tulierteidn afthene , 26 riWO 03/ 045885

PCT/ USDO2/ 37305 .. 5,5',6,.6' . 7,7 ,8,.8 -octahydro-2, 2" -bi naphthol. is contacted
with a IEélz’tS%&ﬁéltﬁdk@Prge?&I'e(‘ngldr S FoReER “&FSUS%J:‘SH% i R YoF

1, 1- di substiputiedtaldkaneentri 5 substituted al kene, tetra-substituted

al kene or aryl- substituted al kene. 12. A process for nmaking 3-al kyl at ed-
5,5',6,6',7,7",8,8 -octahydro-2,2'-binaphthol and/or 10

3, 3" -dial kyl at ed- ‘.0, 6 7. 1.8 8 ~0ct -2, 2" bi napht hol, conpri sing
contact i ng)és, 5 8?8-%??,@7-@?5, E‘Z‘J“Lg‘?t afy rl%%[g;'%-dbi naphthol with a benzyl
hal i de or 5,6er,ti, @y 7al7kyi8 , Bal-iode ahwideoe2n 2t' ke imabhtd&oils amdgwirde or

chloride, .in the presence of a Lew s acid catalyst 5 13. _-The process of

cl ai 42 ﬁhérégﬁaﬁﬁg B§ﬁ§§5aéid6'6 77, 8,8 _OCtahY%ro_%'2 -

binaphthol, comprising contacting 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
aluminum chloride, zinc chloride, boron trichloride,
SnCl,, 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-5,5',6,6',7,7',8,8'-octahydro-2,2"'-
binaphthol, comprising contacting 5,5',6,6',7,7',8,8'-
octahydro-2,2'-binaphthol with an alkyl sulfonate, alkyl
triflate, alkyl p-toluenesulfonate, or alkyl

30 benzenesulfonate, 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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catalyst is selected fromthe group consisting of alum numchloride, zinc
chloride, boron trichloride, SnCl4, SbCl5, and ZrCl4. 20 14. The process
of claimwBoshessei n the Lewis acid catalyst is zinc chl oPCdaISOL30A
process for maki ng 3-al kyl ated 25

5,5',6,6',7,71, 8, 81-oct ahydr o- 2, 21- bi napht hol and/ or

3,3 - dlalkylated 5,5,6,6',7,7",8, 8 -octahydro-2,2' - binaphthol, conprising
cont act i ngoBsS'sténg of, Pcagdgum @éﬂéﬂ?@ﬁ@m@tﬁan§ﬁwd§WPﬁ@ﬁrmnth an al kyl

sul fonat e %E§ 1un$%&&%%h%ro% o Fhﬁk%%%ﬁ ul %?H%nt%r @yl 30

benzenesulfbna I n"thé presence of an aci Slected fromthe
group con$¢3Eﬂ@@r@heahame&uﬁfothELde, tosyllc aC|d phosphot ungsti ¢ aci d,
silicotungstic acid, phosphonolybdic acid, trifl uoromethanesul fonic acid
and arare earth metal triflate selected fromthe group - 27 WD 03/045885

PCT/ US02/ 36305 THeoRsoslkishd of c3eandilumity ifilieer @Rt hanequl f onat e,
ytterbiumtrifl uoronmet hanesul fonate, and | ant hanum

trifl uororetllfenasel fienatfethe Iormiie pr-&80gsB, ovh€raim ASisnCwhiech the al kyl
sulfonate is of the fornula A-S03-B, wherein Ais Cl to C8 alkyl, Cl to C8
f | uori naCedakk¥yt, Cogq Fsctdugrynatsd edkyvilo €s0tP| Gor Prdtled &t ¥k ; and B

L5 Clo! 2, 003l odlhdia Ausorsag f9r gl 09 B ldonpd o0

3,3 -dbal kyl ated-5,5',6,6',7,7",8,8 -octahydro 2,2 -
17. 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 a benzyl, secondary or

tertiary alcohol containing fro 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 Cs secondary, tertiary, or cyclic
alkyl;

or a compound of the above formula wherein
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bi napht hol, conprising contacting 5,5 ,6,6',7,7',8,8 15

oct ahydro-2, 2' -bi naphthol with a benzyl, secondary or tertiary alcohol
cont ai ni /yofosm458383 0 20 carbon atonms, in the presence of aoTamsoz3ses al yst
selected fromthe group consisting of trifluoronethanesul fonic acid,

sul furic acid, HF, phosphoric acid, and al um num chloride. 20 18. A
conpound of the formula ROHHO R 25 wherein: Ris H and R is ethyl, C3
to C6 sec&nad@dyR’t exel &hy semecpdld @reaskylected dresnpdendrourt he above
formul a \A/r&%rn%iir% ihds VO 03/045885 PCT/ US02/37305 R and R are the sane
and are select e& Fom't he group consisting of ethyl, C3 to C6 secondary or
cyclic al lkyhyl,5c9%tocACs 3pmmihmf ot agynllid vdidkyeln R and R are the sane
are selected fromthe group consisting of ethyl, isopropyl, cyclopentyl,
and cy2l ohexyl. 10 - 29

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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