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45 It is a further object of the present invention to provide efficient
synthetic routes for the preparation of these phosphol ane conpounds. 50 2
EP 0 528 865 Bl SUMVARY OF THE | Ngegi828de8B1 present invention conprises
phosphol ane conpounds represented by the following formula | 10 R

R R wherein: is Ris a [err] alkyl ;j,"trifluororrethyl, phenyl,
subst i t ut SUMNARYIORF THEWNMENTION or ring substituted aralkyl; and n |Is an

Integer from1l to 12. The present invention further conprises Eransition
met\al conpl Eharesgnt invertign coTeRisesPhesghqianp sompounds LapEagRftPd by 5@6?'”8‘!‘9 iRy esent

- invention further conprises phosphol ane conpounds represented by the

fol lowfng fornula 11 20 [errg 25 wherei R R and n are as defined above for

. formula 1, and Ais [err] orf P. (@Q The present Invention further

- conprises transition net C rqﬂex@é‘\ﬁ compounds formula I'l. Athird
aspect of the present in nt ,Bn conpri ? phosphol ahe conpounds represented
bythenjollovm'ngforrmla 35 40 [err]
wherein: 45 Ris an al kylRgroup of tRw to six carbon atons,
trifluoronethyl, phenyl, substituted phenyl, aralkyl, or ring substituted
aral kyl . A fourth aspect of the present invention conprises a.process for

t he prepawwtdin of conpounds of fornula | as descri bed above wherein a
phenyl substh is & edCp kg pifinbramethyh fphéngl, snibbtiuted pheiys aralipicar eing svibstituted aralyly avdand

ei ther 1) ands dcihtegecopddmt®. of fornula X-([err]-Xwherein X is hal ogen, and
n is an int yepredentinmettion furtse comprisespiransition snetabeAMPINRS ob pomrgunds PO wher ei n
N is an i nt égeerontiraspectioftthe presentinvenyas fyriherygomprses Phosphalane KARROULHsreRTepRted by
trifl uor oefoiewneformuledat e or p-tol uenesul fonate. A fifth aspect of the
presen®?invention conprises a process for the preparation of conpounds of
forsul a 11 wherein a conpound of Rormul & 111 as defined above is reacted
with lithiumand a trihalo ¢o nd of fQqrmula [err] wherein X is hal ogen,
n is defined as above, and [&(C]-I,)n' , Mor P. 55 3

25 3 I

wherein R and n are as defined above for formula 1, and A is CCHs, CH, N or P. _
30 The present invention further comprises transition metal complexes of compounds of formula Il.
A third aspect of the present invention comprises phospholane compounds represented by the following
formula lll '

35 R

P-Ph m
s R

wherein: . :
45 R is an alkyl group of two to six carbon atoms; trifluoromethyl, phenyl, substituted phenyl, aralkyl, or
ring substituted aralkyl.

A fourth aspect of the present invention. comprises a process for the preparation of compounds of
formula | as described above wherein a phenyl substitued phospholane of formula Hl is reacted with lithium
and either 1) a dihalo compound of formula X-(CHz),-Xwherein X is halogen, and n is an integer from 1 to

50 12, or 2) a compound of formula R'O{CH2),OR' wherein n is an integer from 1 to 12, and R'O or OR' is
methanesulfonate, trifluoromsthanesulfonate or p-toluenesulfonate. .

A fifth aspect of the present invention comprises a process for the preparation of compounds of formula
il wherein a compound of formula il as defined above is reacted with lithium and a trihalo compound of
formula A[(CHz)»Xk wherein X is halogen, n is defined as above, and A is CCHs, CH,NorP.
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EP O 528 865 Bl DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention
provi des chiral phosphol ane substituted al kanes useful as |igands for
transition nmetals in asymretri c ER0&R§865B1 The peral kyl ated nature of these
conpounds renders the phosphor us.center 5 electron rich. Transition netal

conpl exes_cont ai ni ng t hese ands demppstrate a high Ievel of
enant | o SETALED PESCRIFION PRTH Mt i c i nduction in the catal yzed

hydr’ogenat+ on ofn unsa, turat sc% I}ds | e\en nd t hat rtthe | ose
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Presept phdtpRibings) MhAEIRbIIG @B optEME betind) R 4-BIBIS WA highl Bsytdelof bridftioRlelapAtyGrRAMELUNS
of f or mpheparation andgptidally ddtivd ghospholaid compounds with a high dpgrée df edntiomeric purity.

A 30 wher €Tha pfesent inganhionocdomprisesudvelphdspboiehe siibstitiRed akape fampoginda bidyrimulae | and I
trifluoronethyl, phenyl, substituted phenyl, aral kyl, or ring-substituted
aral kyl; and n is an integerp,from1 to 12; and for fornula 11, Ais [err],
CH, Nsor P. The esent invengion further conprises transition netal

conpl exes of eg@éﬂuwQs. Preferred are conpounds of fornul ae |
and 11 whereip n pS 1 to 3. st{preferrled are those conpounds of formula I
and 11 wherei s nethyl a Is 1 to 3. Exanples of such conpounds

I ncl ude, but areMpot [im tedR o, 1,2-bis[(2R 5R)-2,5-di net hyl phosphol ano] -
et harf®; 1 ,3-bis[{2R 5R)-2, 5-di net hyl phosphol ano] pr opane;

trl\s’[((ZS 58) 2, 5-di net hyl phosphol ano) net hyl ] - net hane;

tris[2-([2R 5R] -2, 5-di met hyl phosphol a o) ety I]am' e; or

1,1, 1-tris[2-([2R 5R] -2, 5-di net hyl - hol anp) et hyl ] et hane. The above
phospjol ane conpounds of fornul ae | 11&&1 rrﬁlexed wi'th any of the
transition netals of G oups 3 through f the p di c tablle, plus the

| ant hani des and actinides. Due to the el eRron- r c nature of the
~phosphol ane conmpounds they generally coordinate best with the transition
netals of Groups 4 through 10. Such conpl exes are forned by nethods known
in the ashereinRredcbrof Ganwaedawd iti on netal 45 conpl exes of the present

i nvent i on Bise GiHakyltifiyeramethyigphend. substituted ghanyly srfled) opringrsubsiiied eglingoandds
conpl exed Wisten intagerdiogyh o té@dhosphol ane corrpounds of forrrul ae | and 11 of

the pred®mpla e CoHs: SHeNGERT yl  as Lransi on net al’ ands _in asymetric
cat aI si s. “?H’ S 5“’?5?”’1‘”@3&"‘1"1 %?ﬁH%"s 'E“?t ’%g“ %e '!%E sts resplts
in a §Ef° ﬁ 2 r e '°§'t'le?é6?: e At arse °?f"'f°ﬁ'és

cat al yzet HYHh & ? nds in oﬁiH\ ?J{oawt s 2§?>R) 5d-ﬁ¥th rBL dof Ve'
of enant PES )-’2 J& ¢ 25Yds ﬁ-n
greate di o8l epf ,ﬁ{ris[ Qﬁ‘slﬁafz hyi-t O

about ,, 9 Bs%ﬁkﬁdﬂ&)bﬂﬁﬁfhh& excess brev at ed ee). Enantioneric excess s

defrhed aSTHe MBovedPhbaphéIans comﬁ@rés( Stormuild) andWheh Q:e%bl&xe& weh per Gramt w@stioal R
enant i OffRitalsodl Grdiips 3 Srdubte 1P RrpaIRtiGIEQald, plbs BB Rfthaniiee ind détirfides.DUP feeth@électron-
opt i cal Irigh astlire o trOpHosphblehe compounds they generally coordinate best with the transition metals of
Groups 4 through 10. Such complexes are formed by methods known in the art. Preferred transition metal
45 complexes of the present invention are those comprising the above described preferred compounds
complexed with rhodium.

The phospholane compounds of formulae | and Hl of the present invention are useful as transition metal
ligands in asymmetric catalysis. The use of these ligands in transition metal catalysts results in a high level
of enantioselective and stereochemical control in the catalyzed hydrogenation of unsaturated substrates.

50 By a high level of enantioselectivity is meant a hydrogenation that yields a product of greater than or
equal to about 80%, preferably, greater than or equal to about 90% enantiomeric excess (abbreviated ee).

Enantiomeric excess is defined as the ratio (%R - %S)/(%R + %S), where %R is the percentage of R
enantiomer and %S is the percentage of S enantiomer in a sample of optically active compound.

For the purpose of this application, by a "compound with a high degree of enantiomeric purity”, or a

55 "compound of high enantiomeric purity” is meant a compound that exhibits optical activity to the extent of
greater than or equal fo about 90%, preferably, greater than or equal to about 95% enantiomeric excess
{abbreviated ee).



'y L]

For the purpose of this application, by a "conpound wth a high degree of
enantioneric purity", or a 55 "conpound of high enantioneric purity" is
meant a compound that exhibits opEP@:528866Bl1ity to the extent of greater
than or equal to about 90% preferably, greater than or equal to about 95%
enantionmeri ¢ excess (abbreviated ee). 4 EP 0 528 865 B1 A further aspect
of the presBfrthenaseast 9f 419 RERSRRS fventien ¢omerises ie BRrsphoiaae eampRds akforniadibr nul a 111
5 R10 wherein Ris an alkyl group having 2 to 6 carbon atons,
t ri¥ uor onet hyl, phenyl, substitutged phenyl, aralkyl, or ring substituted
ar al kyls. Preferred conpounds of fqrnmula Il are those wherein Ris an alkyl
group of 2 to 6 carbon atons. 1 The phosphol ane conpounds of fornula
11 of the present invention ar¢ usB®ll as i nggr medi ates in the preparation
of the compounds of formulae I ang Il. Another aspect of the present _
invention conprises processes for ghe preparation of .conpounds of fornulae
I, I'l @d Il1l. The phosphol ane conpounds are prepared by processes of the
present invention which provide high yields and high substrate
St er eo- sewleain N istay.alkyiigtoup mavirgsse $ catben atomsyaifluczantbthiyl) plisdgCéubsituted(ph&y/h) araikyl)
her ei naf t @ring &bstddedHali/0 46 50 55 5 EP O 528 865 B1 [err] [err] [err] 10
[ err ] [ err ] P®rred compounds of formula lll are those wherein R is ar[ akvi gro-.[peqf 2}0 6 carbon atoms.

16 The phospholane compounds of formula Il of the present invention are useful as intermediates in the

preparation of the compounds of formulae | and II.

Another aspect of the present invention comprises processes for the preparation of compounds of
formulae |, 1l and llif. The phospholane compounds are prepared by processes of the present invention
which provide high yields and high substrate stereo-selectivity. The processes are summarized in reaction

20 Scheme | hereinafter.
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[err] 25 [err] [err] 30

[err] [err] 40 45 The first step introduces the desired chirality and
utilizes a Ru(BINAP) [Ru-(R)-(+)EBPOS8B6gBI-2, 2' - bi s-

50(di phenyl phosphino)-1,1 '-bi naphthyl] catal yst as taught In Noyori
al., J. Arer. Chem Soc., Vol. 110, p. 629 (1988), which is herein

i ncorporated by reference, for tric reduction of a [err]-keto
ester, to the corresponding [err%g%$§¢%;§Eester. Hydrolysis with a strong
bas&’'such as KOH provides the free carboxylic acid, which is then subjected

et

to el ectroghem cal Kol be-coupling to afford a chiral diolQHIn the

Kol be- coupli ng react i do Ru(BENAR)- hydr car boxykbme aci d df for aferr],
wher ei n BJ t—ere—eeetd55 K depEOdH , al kyl ,
phenyl , bstTtuted phenyOH aral kyR"or Ying-substituted aral ky g or [err]

and R2 are joined together to forma 4-, 5- or 6-nenbered ring, Is

di ssojoved or suspended in a | ower al cohol solvent, toggther with a

catal ytic anount of a corresponding al kali netal alkoxijdg, ﬁ*@lfc#g'tial
current is then passed through the solution or suspenidns and e Thiral

di ol product isolated by nmethods known.in 6 EP 0 524 86%if¥pH he art. The
chiral diol is reacted with an al kyl sul fonyl chloride, yorefefably

met hattesul fonyl chloride, in the presence of a tertiary am ne such as

triethylamne to formthe bis(al kyl sul fonate) derivative of the diol
Di i t hi um phenyl phosphi de is tghen added to obtain the chiral

2, 5-di substi tuted- 1- phenyl phggphol ane of for alll. 5
of phosphol ane conpounds of ,gﬁlaﬁgt.and_gzgthng t He it
f or % 111 requires two ag onat %ps. Tr ment phenyl phosphol ane
of Tormula Il with litpiumWwth a clean metalfTic surfacggresuffs in

sel ective cl eavage of ¢he phenyl group and yields a m xture of

2, 5-di substituted lithfum phosphi dd and- ¥h&HDR¥ hi um This reaction is

The preparation
unds of

condugt ed in tetrahydr solvent. It is conducted at a
rom about [enr] tolabout e&r], preferably fromabout

This react\wgn ﬁ%CKGHHthhd in the absence of

an Inert atnoSphere at a pressure of about 1 atm

nosphere I's argon. Agitation Is required since it

tenperature range of f
20 Cto 10 about [err
oxygen and wat er under
Pref er abl A[{CHy) Xyt a
a het®rogenous reactio
range from about 5 to

about 20 hours. The re
conpound of fornula [e
trifluoronethanesul fon
of fo¥mula [err] where
obtain the desired ch

Reacting the m xture
preferably chloro or

yi el dg

pf uran or an Jequi val g

is

N wWith lithiumnmetagk The overg!| reaction tinme can

about 30 hours, andstyp ly 14 fromabout 10 to

sul ting m xture h ectly with a

rr] wherein [err] 15Por [err] Rs t hanesultf onat e,

ht e, or p-toluen fonate, or W a di hal o al kane
n X is halogen, prgierably chilgpro or brono, to

ral chel ati ng bi s(phosphol anes) of forrmula I.

X

the desired tris-

th a compound of forrmula [err] wherein X is hal ogen
ono; Ais [err], CH Nor P, and nis 1 to 12;
(phosphol anes) of formula Il. These reactions are

conduct ed at_aRtenperature range of from about [err] to

P-(CHyp),
R

A
3

The first step introduces the desired chirality and utilizes a Ru(BINAP) [Ru-(R)-(+) or (S)-(-)-2,2"-bis-

s0 (diphenylphosphino)-1,1'-binaphthyl] catalyst as taught in Noyori et al., J. Amer. Chem. Soc., Vol. 110, p.
629 (1988), which is herein incorporated by reference, for the asymmetric reduction of a g-keto ester to the
corresponding g-hydroxy ester. Hydrolysis with a strong base such as KOH provides the free carboxylic
acid, which is then subjected to electrochemical Kolbe-coupling to afford a chiral diol. In the Kolbe-coupling
reaction a g-hydroxy carboxylic acid of formula R'R2C(OH)CH2COOH, whersin R! and R? are each

55

independently hydrogen, lower alkyl, phenyl, substituted phenyl, aralkyl or ring-substituted aralkyl, or R!

and R? are joined together to form a 4-, 5- or 6-membered ring, is dissolved or suspended in a lower

alcohol solvent, together

with a catalytic amount of a corresponding alkali metal alkoxide. Electrical current

is then passed through the solution or suspenions and the chiral diol product isolated by methods known in



20 about [err], preferably at fromabout [err] to about [err']', I n
tetrahydrofuran solvent. An inert atnosphere is enployed, preferably argon
or nitrogen at about 1 atm pressEP®.6281885Bdacti on m xture is agitated. The
overal | reaction time for these reactons is fromabout 0.5 to about 2
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extract i ORogivictoal .ﬁggpy bofdtoRe rnc ( Wodds .d qw 24 h. The diethyl ether was renoved
on a r ot oVaprnb Qredirka chiral la-ﬁhyd?di)@d#ﬁfs t[s&f ih ]thehylldwmg yxainpies obdiol Zyrtimisic weregsepaiet]
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( 2R, 5R) - 2 ninenismaaielgist dbaring\th Girahphosrhine figais BINAE SBIH \as (St Eigdiphanyiphosphine)-
(3R) - 3- hydriblxnaphthyl (both enantiomers commercially available from Strem Chemicals, 7 Mulliken Way, Dexter

Industrial Park, P.O. Box 108, Newburyport, MA 01950).

s0 EXAMPLE 1

a) Preparation of chural g-hydroxy acids. A mixture of methyl (3R)-3-hydroxypentanoate (290 g, 2.2 mol)
in water (200 mL) and ethanol (200 mL) was cooled to 0°C. To this cold solution was added a solution of
: KOH (185 g, 3.3 mol) in water (1 L). The reaction was then allowed to stir at 25 C for 48 h. The resulting
66 solution was concenirated to ca. 500 mL and acidified (conc. HCI) until pH = 1 was reached. The
precipitated salts were filtered and the filtrate subjected to continuous liquidAiquid extraction with disthyl
sther (1 L) for 24 h. The diethyl ether was removed on a rotovap to afford the product B-hydroxy acid as
a colorless oil (250 g, 97%). The crude product was sufficiently pure to use in the next step (Koibe-
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ybutyric acid (1.0 g, 9.6 mol ), nethanol (30 nlL) and sodi um net hoxide (1.0
M. of a 0.5 N solution In nmethanol, 0.05 mmol), and then was cooled to
[err]. Using a Pt foil anode ([ &R 0p28858B1 screen cathode 5 - ([err]), and
a 50 V/40 anp power supply, a constant current (current density 0.25 [err])
was applied until 1388 coul onbs (1 5 F/ rml) wer e passed The reactlon and

gas evol Vu\glupégg)( grg (2and err 8 gﬁd ? rmall unt f

t
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35.9, 68. doxade) afiordtBthét ﬁo@tﬂ:t Q§ a(o%BrIe:sR)crygtaMQﬂi@ml & eal). sopres-berte b onat e) .
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pure to bg F h(gr HPeac Terr] "1.41 (d, JHH
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cH). d) Piy R ah %Eﬁ@m aledEirivise1a RBRIA SihESpB StvRanediel is-
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(c 1, hexavaeponcéirhted tosusiaw Qliswhishives gisttieskte tﬂﬁ%t"wé@éuci EFeﬂﬂq%'ﬁﬁs of -189q

d). f) Propdari®9.06fon; 2P § rz#e SRy T, HQ’GT‘%T' F;@ HZ'TO
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[err] unddm & %é;”a)déléﬁ(’ﬁl r?"' ); QI’QH Q4

react Pon Sla‘ﬁ 14 m Hgﬂ ?2 ‘n 3%%35 dtr’ i ture
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0.018 ol )(% ﬁ exa alcg C(? Hzﬁlbz é’%é Bk 3 ur%hwas HE
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filtered. i to d 5“@&:@1\ 9 SchiodaCambr %Qﬁ’onﬁt&mﬁi th6NBS NMAspectrum. Comparisons were

made with the spectrum of the opposite phosphine enantiomer.



45 vacuo, and the resulting solids were extracted with pentane (200 niL)
and filtered. The pentane filtrate was concentrated to a yellow oil which
was distilled to afford the produEP 0%288688Morl ess oil (2.10 g, 52%: bp
64-[err] (0.06 torr); [err] = + 222 [err](c 1, hexane); [err] NMR ([err])
[err] 0.98 dd [err] = 7.2 Hz, [err] = 9.1 Hz, 3H, [err]), 1.0-1.35 (m

gﬂ [Clelrr] (dd [errL:72Hz [err] :173Hz 3H [err]), 1.55 (m
[err m
i), o ”r‘ iy §§ fie ‘% Vi ifré iyt ek
[err] 5 lwed to stl a%glézs ¥ ﬁ%g?%b @5,? of
i A F (25 fth
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af het st i TR for 30 min, MeOH (2 mL) was added. Thrs mxture was al | oned
to stir 18(/4[01#?_E3t hen was f| |tered, and the filtrate concentrated in vacuo.
The resulttmg—orl was extracted vvrth pentane (125 nL), filtered, and the
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= 17.5 Hz, 3itle rgeetion]was allowdd tq sty a2 3P nfirerand then wasi@neniratgti-o af volump )°f ca 55!9— he
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calcd for | {ars

bdi
Purity. Thelpli el a oPBSmAS 5 8. PNIMR (oo, 81130 78R4, 03] L WM &,
(Wi thi g, t heZly %‘HTz H'cH 1&@(’?&%%})& 694ddNdy = 7.2 Hz, Jpy = 18.6 Hz, 6H,
(R~ di et hythy), @orratm dnencarl 2 2004, B8] OHCCN, RAb AEH. COOICH)), &80 (F, i2eeCOD-0HY,
and 20  nmong 440bi, big, GOLRCH)EY.O m, MNFPHS (7630 ik, LM, PIIOTEBA(M, 21 1PB); HETNMAECDECIA)Is 4818 (dhe
spect r um of ygfNe 183pa5] Aral. panRISIONC3a He s 5FaSHRh0OEN6.23; X ARE PE7. 5. Féund: C, 45.26RM0%i#im
conpl ex [ (G&PMBN( 1, 3- bi s( (2R, 5R) -2, 5-di met hyl phosphol ano)propane) [err]. To
a mxtuse of Keay Cryét@logrdphip, ARlySS Grvatdl datete) Gs2Has B PeRjhSbomeoglitice R (ﬁnﬁ’- Betr]
(0.40 g, 2.w18MelA, b n AB4@ ot )10FT1(Y) &y £]= BREMuded 'dl‘?ooﬁ\/\)’se Mo Km of
1, 3- bi s((2Radum412qucs—d14ﬁétcm‘| flaasH 86 AV (08183 g mmol). in THF
(5 mL). The s8bitablp srystalsrof dop BPQW@@'F'P'W &19PwiRed, Y)ﬁ'°Y’H’ np?ﬂ PleEeRidta fon.

CH:Cl; solution at 25°C. An orangé nesdle of dimensions 0. 16 x 032 x0 was mounted in a
50 nitrogen-filled thin-walled glass capillary, and data was collected on a Syntex R3 diffractometer at
-100°C. The unit cell dimensions were determined by least squares refinement of 49 reflections. The
crystal stability was monitored throughout the data collection by measuring the intensity of three
standard reflections every 180 data points. The data were adjusted for a 2% decrease in intensity over
the course of data acquisition. Lorentzian, polarization and absorption {azimuthal) corrections were
55 applied, due to the relatively large absorption coefficient L.(Mo) - 14.58 cm™l,
The structure was solved using direct methods (SHELXS). All hydrogen atoms were determined from
difference Fourier maps and idealized (C-H = 0.95 A). Anisotropic refinement was carried out by full-
matrix least squares on F.



The reaction was allowed to stir for 30 min, and then was concentrated to a
volunme of ca. 5 nL. The 30 slow addition of [err] (30 nL) to the

sol ution produced an orange precEpiota2s@esBich was filtered, washed with
[ferr], and briefly dried. The solids were dissolved in [err] (5 n),
flltered and Et20 (30 nlL) was added sIova to the orange filtrate to

provi de t he NoutRl glom seatteding B‘F‘aﬁ drﬂ‘?ﬂa@é? %ﬂ"Slt?'i'@s;‘,%IPrﬂv(@d@ re ?@a 9d
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b) Rhodi Uihg SdmdwRat distorted. The molecule had Cz symmetry, but the 1,5-cyclooctadiene rlng was rotated
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in intensemy'. over the course of data acquisition. Lorentzian, polarization
and absor pt i 1bp stusivrewasisalied using digast meshpgls %ﬂ?‘ SAll hydragen [afopng weig sielotmpinedyem

rel ativel 9‘“?*3 Fourioe Mapt rshideaized (i e?ﬁf' ctorgg{’@tmp‘c ﬂ'ﬂ%@nbw caf"Pﬁ é’“'s'?yr Ut ure

was sol veg'ah'éi' sﬂ‘faf°éé’f' Fn’é‘i"ﬁﬂ "% %/[" h, and
det erfi ne K‘ fg HoLl cor-
Ani sot r op s aP:c %gﬁ f%é 1Y 6°§ t i) t'°pﬁ% gﬁé% °§i1 n F.
9 EP 0 g ractl ac T mate%ing%ﬁ'i \it)%g'c ther ara%% al n '
scatteri ng, (e ﬁeEEm o Ict

Tahleg f Olgy, g%a | erel n ncor or

ref erence. -the i @ xa&%dllﬁﬁ @), irRf étu‘ﬁ&d’e AR ro@ees&ab |rﬁblec@és' i vahiaﬁ the
hydr ogens uiar Rudré blaht? gedntolty WaPlisiartedo brPbven gleatbPéxteRl. TRY Sonipfok REEERbrNally I03€

r ef i nementyrirmétyaite 86 13tcyblooetallierdddigand otatsd Welldtlor thaPcRnEihiarie bl 263 dé@ées6845 5
unique reflections with 1 > 3.0a(l). Fractional coordinates and |sotropic
t her nal EXAMBHE#4ers for all non-H atons were provided in Table 8-1, while
ani sotropic thermal paraneters were gi ven I'n Table S-2. A conplete listing

of bond | ehyyrdgsnatiordPragedire.dn wryebox %tmgu[.p@#\e@ltprter tube was charged with substrate (1.26
mmol), dry degassed MeOH or THF (20 mL), and the catalyst of Example 3 a), b) or ¢) (0.2 mol %). After

two freeze-pump-thaw cycles, the tube was pressurized to an initial pressure of 10 psig with Hz (Matheson,
50 99.998%). The reactions were allowed to stir at 26¢C for 3-12 h. Hydrogen uptake was monitored and
complete reaction was ‘indicated by GC and NMR analyses. Reactions were worked-up as previously
described. Enantiomeric excesses were determined by HPLG (methyl acetamidophenylalanine, Chiralcel
0B, 5% IPA/Hexane) or shift reagent (dimethyl methylsuccinate, (+)-Eu(hfc)s) analyses. The resulting data
is listed in Table 1.
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The structure consisted of discrete nolecules in which the usual square

pl anar geonetry of Rh(l) was sonewhat distorted. The nol ecule had C2
symetry, but the 1,5-cycl ooct adi EP® 528188584s rotated to out of the
P-Rh-P plane by 17.1 degrees. This distortion was the result of
Interactions with the nethyl groups of the phosphine | egands. The Rh-C

di stances al so were disparate with ClL TARF'C5 being closer than C2 and CO.
The-rather large thernmal _nption of the :phenyl rings and the fluorine atons
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st abi | i t yChha@HROI07 tidsk deh T Ti20Ry Mot 98z, Bkt Gllsk 3P {idh fho T BY) Heeden iy 1115 Ii@
i nt ensit yCid. +49r (e 3kt Ghh Fie)el 1. 6@ . Sk Clads1.80\8y PH. 18D el 1988 (M L3H. ?H

r

wer e ad) UNMBACaDek 3 §.015C MR (G4l 51489 Kﬁ"h?‘ﬂg?f dm’)’ér‘ ?‘W Hé )ﬁ@

acqui si t i 8l Ha. HridgaPoGHeh 3 ﬁ%ﬁqafFPZ‘aﬁ%Hz A2 (e f ,
correcti ofg 'V\%Pé'zdﬂﬂqu@da ﬁd@ngt%* ‘ ﬁ/?(? re '"se Hm)z
coefficie ?, Cf°’ 3?)3% ) %15 M:GgHia),
met hodse ( &5E] Co iy 2P). R{AY B4 M Cotb i RS éﬁ e Xro ?ference

Fourier ng ';ﬂgg | deal i zed (G-H - 0 95 A) Ani sotropic refi nerrent was
carried ott—py—full- matrix |east squares on F. Neutral atom scattering

factors and pRnadfh G Srisis-asd ﬁ)&%@sr&e@fylﬁﬁo KianbjethyBBmin@ S 3R .5R)-2,5XMmayYI-E-phenyl:
obt ai ned f{s98R0 P%H?&(sb@ &?@lgﬁ\bl IRAHF (00N atl 28F G ¥ndeRlr veaks Yided Iclearot aiptvy (0.370y, 39.0 V/,
her ei n 3 nggion, aaarufat 1Rt wasCAIBHEING Gtir PS5 Y TH the @dultrigotrewn/atange mbdure)@as added
ani sot r opiGkiseya seklien biNEs(ByINsraayHBnivEN 6 ge6.2 Meebl)iis THE (15 rallat 95400 Thereaclipm|

of 289 paremamé® bdwn Treughai ithecaeition, @od witar gthtingafor R0 -mid). SR (SRNL)-wa3, Pd&. Thnd
EOF = 1. Owmsulingaolbiless aixtupowascillovet! ésstin Heiminsthen wasifitteredtbiovgh a qslite apdh ped the filtsate o |
non- H gj onmcenbated forwavdcd Shb resviltiia bilids @rd oxtragipd @thammsrvt(i%?mlé fitored: ﬁ%ﬂ the pentane
pahamet er yaeras ceficontiatet] fo T HP anlg Repid fitratig ffogded t‘Tei %’?q" °°5’H Agtalin ﬂ’ﬂ

and angl e 8@y e ijralg was e peagentritpd.ie atﬂ‘ﬂ? Y

structure fc%?%("'s‘f"édT%‘\‘"sdP'E‘E’F %a‘?‘i’ﬁ‘i’ ﬁ“"f o uo ﬁoa)r;@g::% “dhar
ggﬁr % Dsﬁ ed i i % ﬁ

geonetry \X}é&’eﬂ{'@gd‘i“l‘%ﬁy Rl 'ﬁ?{e

essent il P"? {%ﬁ% gy ﬁ&% ()L; A1 (gd
of the P- | e ure
In a dry gﬁ&zﬁ %her- o c ar ?g v&q?ﬁngué%{b?)ggﬁ(l 26

nol ), dr ggssed MeOH or THF ( 20 n1 ) and t he cat al yst of Exanple 3 a),
b) or c) % . After two freeze-punp-thaw cycles, the tube was
pressurs zed Hrébardionl B 1,1, 8Irrid-@aRER)-2,5-QfmethPipttsprglakid)dtkyl)biant. Mbd IEFEBN2,5-Bithethy!-1-
99. 998%) . pildAgpHicRolah® (053 YRS AthSIDMETEIF (10 nil) bir25 8C uiRfor ArGrab added cladh Uh riotidy (X0sgen
upt ake wag, 6@ mid) e e toactdnas aliowee &c btir don 18as To tei rewtiegl bloyn/@GEhgarmoixthiivas
anal yses. ali®atdpdiss a sslitien viot, k Buis(e-phicrestiyhehene {2 g 0.92 mmol) in THF (5 mL) at 25°C. The
reaction remained brown throughout the addition, and after stirring for 30 min, MeOH (1 mL) was added.
The resulting colorless mixture was allowed to stir 15 min, then was filtered through a celite pad, and the
filtrate concentrated in vacuo. The resulting solids/oil were extracted with pentane (50 mL), filtered, and the
pentane layer was concentrated to yisld the product as a colorless, viscous oil (0.257 g, 61%): 'H NMR
(CsDs) 5 0.84 (s, 3H, CHa), 1.11 (dd, Juu = 6.9 Hz, Jpn = 9.8 Hz, O9H, CHa), 1.20 (dd, Jun = 7.2 Hz, Jpu =

11



descri bed. Enantioneric excesses were determ ned by HPLC (nethyl

acet am dophenyl al ani ne, Chiralcel OB, 5% | PA/ Hexane) or shift reagent

(di met hyl nmet hyl succi nate, (+)- Eu(hfc 3) anal yses. The resulting data is
listed in Table 1. 55 10 EPER 05328 886881 TABLE | Substrate '
Enantioneric Excess 5 Met hyl acet am doci nnanat e

85% D C P56 8o (m, 181, CH, C 1&% W 5.99-2H5 QR4 1CHOBH, Jchf'PNMR

Tri S[ g%b&lla) g@ﬁbﬁl me) I)- : Ipczs“sﬂ’a ¢

(28 5 Ly mmsﬂ@ hes. Qg,a.@ez 07 g, 0 032 nol) In THF (200

. at under Ar was added cl ean ri bbon (0.55 g, 0.079 mmol), and
thesrmﬁ,gon was allowed to stir for 15 h To the resultlng br own- or ange

m xture was added dropwi se a sol ution of

1, 3- di1c hh eérpodnd BilesshRO®BY helfghowiagpmauld{ L. 70 g, 10.5 mmol) in THIF (15 nl) at
25 * C. The reaction rermai ned brown throughout the addition, and after
stirring for 30 mn, MeOH (3 nL) was added. The resulting colorless - mxture
wasreal | owed to stir 15 min, tRen was fil&ered through a celite pad, and the
filtrate concentrated In vagia. (GHppesul M solids were extracted with
pentane (125 nml), filtered ayer wgs concentrated to ca.
15 nm.. Rapldflltratlon af edthe pr o as a colorless 20 crystalline
solid (1.0 g). The filtrate Was then congéntrated to a pale yellow solid
whi€h was di ssolved in a nmini fum amouunt “of Et20 (3 nl). To this solution
was added MeOH (15 m) and the m xture was cooled to -20 C for 12 h. The
resul ting q\‘%’mte crystals were filtered, washed with cold MeOH and dried in
vacuo (1. b g)a chglk ef#iflu)&d?de@:y pﬁé\yg s&lﬁ%d phetly D a@kﬂ or 3§ substilted Graikyl;
hexgne) ; adgd N 3H, CH2), 1.07 (dd, JHH = 7.2 Hz,
JPH = 9.8 H&sa@ﬁeger%‘)mga’l-vaﬂlgﬂ()ﬂd toii'lH =17. 0 Hz, JPH = 17.6 Hz, 9H, 25

CHO), 1.40 (m 3H, CH, CH2), 1.60 (m 3H, CH2), 1.80 (m 3H, CH, CH2) ,
1.9-2.2 g coi:ﬁbbnd@kblaﬁ—&)mictﬁaxﬁlbiwdath(amw oagreﬁerohanbsénml\m BO%CsDs) 8 14.89
(CHOWt 21.51 (d, Jpc = 30.7 Hz, CHs), 31.85 (dt, Jpc = 8.3, 22.1 Hz,
bridges. PAdeﬂpqunGQfCBﬂmOcprC!}lmehqelnB'ﬁ-lzlethﬂr| dge CH), 34.12 (d, Jpc = 11.6
Hz, ring CH), 37.30 (d, JPc = 3.8 Hz, ring CH2), 37.47 (ring CH2), 38.49
(d, Jpfe AcmpqvnﬂzfC'?lmﬁgZMwhmscm3 direct insert): mz 400.2583 (Mt
exact mass calcd for C221H43] Ps: 400. 2578 %@ﬂ?‘gﬂ (M CaH7), 315. 1557

( M CsHi - &)compaysd ofc@gim W@m‘zﬁ's-(%mﬂ!d& CRR §ne- 232. 0678 (M Gi 21H24) ,

T AP A ha‘%m»ﬁioaane-
(2R 5R) - %\ pex cfo ﬁ%e&y beP §.9$L%@QE Eﬁthgucgf o;tfac&.agg%a ohd) of ffrd 100

m) at' 2 s Urib 27 Q, ), and the
reag tion vvas to stir for 1 h .To the resultlng br own/ or ange
m Xturé RS @ BliAPH\SRoirithd RhrdkibrORetdlis tbdig.2- chl or oet hyl ) amine (1. 06 g,
5.2 mol) In THF (15 nlL) at 25*C. The reaction renai ned brown throughout
the adgli trh®franshidhl nddftdl @omplbt lof ICREN BOWhIG0IsNCOD)RBKIEI2RSRRL.5-divathylplibdpidlandihe
resul ti ngthewprsbFess m xture was allowed to stir 15 mn, then was filtered
threugh a celite pad, and the filtrate concentrated in vacuo. The resulting
sol i dstondhe trm]st't;:rawtadcqmpteh op Elainn & avhich B(GAD)RN-1.3-Pis@RSR)-2, %rﬁ'ﬂ‘efhh'é“‘ﬁ@??laaﬂe
propane]*PFs~.

11. A compound represented by the following formula i

45
R
Cp-(criz),, A
' I
50
| R 3
wherein:
55 . R is a C1-Cs alkyl, trifluoromethyl, phenyl, substituted phenyl, aralkyl or ring-substituted aralkyl

A is CCHs, CH, N, or P; and
n is an integer having a value of from 1 to12.
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| ayer was concentrated to ca. 15 nL. Rapid filtration afforded the product
as a colorless crystalline solid (0.6 g). The filtrate was then
concentrated to a pale yell ow soEP@ 528i8851Bdvas di ssol ved in a m ni num anount
of Et2 0 (3 m). To this solution was added MeOH (10 nL) and the m xture
was cooled to -20* C for 12 h. The resultin'_(,:j white crystals were filtered,
washed vzﬁﬂ*ggwé&%g’%hﬁﬁqggﬁi%gw ﬁ”i)ss'%’%ﬁg?dm 3, %%gg =il @ﬁ%ﬂ& i?péﬂg"'i !"M@Hg
(75% : | D3 K;e a &) oY | {pr Laohls Ry 456132045,
CHA¢ 1&1_?9"("8&‘,"'%%4'%4'-.?‘Mzgf'g*yﬁﬂ%-'@?%%&@@ﬁ- CH3), 1.32 (dd, JHH = 7.0
Hz, JPH G 17.7 Hz, 9H CH), 1.30-1.45 (m 3H, CH CH2), 1.55 (m 3H CH2),
1.70-3 @M% 154 CH CH2), 2.80 (m 6H, NCH2): 3'P NMR (C6Ds) 8 -3.4.

E?I'QrA\lePI(_E{( g%?rg%ug‘gfegr-g%?‘%%%ﬂ@r%%sp*?)rﬂné"rai‘(g) et hyl ) et hane. To

(2R, 5R)- 2, 5-di nethyi -1 - phenyl phosphol ane (0.53 g, 2.76 mmol ) in THF (10
m) aj, 25 *C under Ar was addeq{ clean U rmpbbon (0.048 g, 6.9 mml), and
the reaction was allowed to stjr f&“ﬁg h. \Jo the resulting brown/orange

m xture was added dropw se Wwho NI/TY-tri s(2-chl oroet hyl ) et hane
(0.2 g, 0.92 mol) in THF ( at 25 6 THe reactfon remained brown

t hroughout the addition, an ter stirrin or 30 mn, MeOH (1 nL) was
addedts 6 The resulting colorleRs mxtureRas allowed to stir 15 mn, then
was filtered through a celite pad, and the filtrate concentrated in vacua.
The resulting solids/oil were extracted with pentane (50 m), filtered, and
t he pent an®@¥%er was concentrated to yield the product as a colorless,

vi scous oil (FHiEsAF -G alsogiuommpiivh ghephebwitulpd pheryly araliy| or ringrpubstifutad arpllyl 5
= 6. %%Hz, IH = 9 8 H&,QH, cn@ 1.20-(dd, JNH = 7.2 Hz, JPH = 11 EP 0
628-865 Bl 17 1%¥1ioossfpvingayple fomyylo)i2eq" () 181 cH, OH2), 1.80 (m 3H,

CH2), 1.90:2. . . N 0, 3. El, di
nser ) 2 o Seigblh of ik e ko skl gl e Rl Bl T
371 2800 (MoShidid)o b1 O8I 7. 1612 (M CL2425P). 5 Claims 1.

A conpound represented by the follow ng=tormula |: 70

R 4. A compoudl & Llainh §,026¢ Bfwherein h%s 1 to 3. . R

R wherein: Ris a G -Cr alkyl, trifluoromethyl, phenyl, substituted
phenyl , gr alckyipourd of fOlivg) 1 Sibis is i1 12ubiseiel 5-dimathlihphospRdlancjethardnd N s an i nt eger
having a value from1 to 12. 2. The conmpound of Caiml which exhibits
opti cal @chAiconpopndéf Ciping & twbich s H Brbis(R;5-digettyiphbsph@fprogdne. 3: A conpound of
Claim1l or Claim2 wherein Ris nmothyl. 4. A conpound of Claim1, 2 or 3
wher ei n 7 Ascompley cgmprising fone carrean dransitioCimetals lenthiriidel of gictinides and one or more

1, 2- bi s- ( 2compgrnee chapy ophe S Lind)eeligradfe. 30 6. A conpound of O aim 1 which
s 1,3-bis(2,5-di nethyl Qhos hol ang%‘ ropane. 7. A conplex conprising one or.
nore trahsi ei‘i?ﬁ“"ﬁ’é?‘aﬁ%’? I""é??fg'ﬁéﬂ?i“d op, melali? INAdivRs and one or nore conpounds

of any qpe o v Gl el Sonrioxst i Sich is [(COD)RN-bis](2R 5R)-2,5-dimethylphospholano}-

ethane]*SbFg ™.
\/ “0 y
' 10. The transition metal complex of Claim 8 which is [(COD)Rh-1,3-bis[(2R,5R)-2,5-dimethylphospholano}-
propane}*PFg™.
11. A compound represented by the following formula Il
45 - .
' e .
P-(CHy), A
50 I
\ R 3 |
wherein: .
85 R is a C1-Gs alkyl, trifluoromethyl, phenyl, substituted phenyl, aralkyl or ring-substituted aralkyl;

A is CCHs, CH, N, or P; and
n is an integer having a value of from 1 to 12.

R
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A A

35 & The conplex of daim7 wherein the transition metal is rhodium 9.
The transition netal conplex of Caim8 which is

[ (COD) Rh-bi s[ (2R, 5R) - 2, 5-di net hy| [E@2eses®d - et hane] 4, SbF, -. 40 10. The
transition netal conplex of Claim8 which is

[ (COD) Rh-1, 3- bi s’[_\(ZR 5R) - 2, 5- di met hyl phosphol ano] - pr opane] PF6- 11. A
conpound F%p‘r@g@ g gt E‘?’"’tﬂé"‘f"BP’fW PRYcR! gty of greptor than orpqual o

31 erein, |quoronethyI phenyl,

sub\vg\,tpl tu'([jé%l Pp‘)??g}?y‘l'"d °5?'3'f"k\3l°r 8?'"”2%@@{']@'???{'}?% aral kyl ; Ais CCH3, CH, N,
P; | 1 12. 12 EP 0 528
865 Bl 17 Akgm"%g‘ﬂ %ﬁ”‘lﬁo&éq%@&"?ﬂq B C}—E)j 1.80 (m 3H OH2),
1..90-2. 15 émcogrlﬂoun%f CIQHZOZ wh%ﬂ% Ni(?s%@?ﬁz[@&lm& ngrﬁsfg i?l]metﬁd.ng.e(:t insert:

m z 456. 3170 (Me exact mass cal cd 371. 2206

(M C6Hi 3) 16, HtdonRBieha of dikifmioiiwaidh s tﬂs’?zz[(ahﬁih?&li%ﬁhflH?osptB%no]er!hyl)gﬁﬁd. m 1. A
conpoung represented by the followi ng fornula 10

R 17. A compBind®f Claim 12 which is 1,1,1-tris(2-[(2R,5R)-2,5-dimethylphospholanojethyl)ethane. R
wherein: Ris a Cl -C6 alkyl, trifluoronmethyl, phenyl, substituted phenyl,
ar al kyl- on8.rA ngmpaxbeimprising: oneaoraintry | tranltdn metals righthanides, an agtinitlesgand dnavor mopral
val ue from Ilcompounds of 2ny dhaef ClampdLted7@$ ligdhdsi m 1 whi ch exhi bits opti cal
activitg of greater than or equal to 90% 25 3. A conpound of Claim1 or
d ai m 2 whkrferonatex o Glaim\1fepmprising & %?ﬂ?@dﬁﬁ!ﬂl @nd @reprrmore compopnds ofiGlaine 1229 | s
1 to 3. 5. A%¥¥fpound of aim1 which is

1, 2-bi s- (é 5- di et hyl osphal anogyet hane.. 30 6. A conpound of Claim1 which
is 1,3- b| ?T?”@P?ng?ﬂﬁp e "l ‘ﬂ%@ 7. A conpl ex conprising one or
noke t Pansition netal s, |anthani des or ‘actinides and one or nore conpounds
of any one of Clains 1 to 6 as ligandg. 35 8. The conplex of Cdaim7
wherein the transition netal is rhodipm 9. The transition netal conplex of
Claim 8 which is [(COD)Rh- bi s[(2R 5 ,I;Sh—di met hyl phosphol ano] -

et hanelgSbFs -. B I

30 wherein R is an alkyl group of two to six carbon atoms, trifluoromethyl, phenyl, substituted phenyl,
aralkyl or ring substituted aralky!.

21. A compound of Claim 20 which exhibits optical activity of greater than or equal to 90%.
35 22. The transition metal complex which Is [(COD)Rh((2R,5R)-2,5-dimethyl—1-pheﬁylphospholane)Z]-*SbFs‘.

23. A process for the preparation of a compound of formula |

- 40 R R.

PCONGY
P P 1
- R
o
wherein: e
R is a C1-Gs alkyl, trifluoromethyl, phenyl substituted phenyl, aralkyl or ring-substituted aralky!;
60 and

n is an integer of 1 to 12;
comprising reacting a phenyl substituted phospholane of formula Iii

56

) A



H L]

10. The transition nmetal conplex of Claim8 which is

T(COD) Rh-1, 3-bi s[ (2R, 5R) - 2, 5- di net hyl phosphol ano] - propane] +PFs-. 11. A
conpound represented by the fol |l GRiOrEgsfeésBdll a 11: 45 (4P-(a H) A *503
wherein: 55 Ris a Cl -CG alkyl, trifluoronethyl, phenyl,
substituted phenyl, aral kyl or ring-substituted aralkyl; Als CCI-|9 O—l N,
or P, and nis an integer having a value of from1l to 12 12

1111 I EP 0 528 865 Bl 12. A fonpound of Claim 11l which exhibits
opt\-CaI activity of greater than equdl to 90% 13. A conpound of Caim
11 or G aim 12 wherein Ris nethyl. P-Pi4. AcC ound of Caim1l, 12 or 13

Wger,elsnnislto 3. 15. A conpouteof C aim 1Z which is

tris[((2S,58)-2,5-dinmethyl phosphol ago) net hyl ] net hane. 16. A corrpound of

G aim12 which I's tris(2-((2R 5R)-2,5-dinet hyl phosphol anol et hyl') ani ne. 10

17. A conpound of Claim 12 which is

1,1, Lyt ri sRerdif aﬁﬁ&meu%sﬁrfdhmtuhmhmhmrah@hmomdtmo}rﬁnmne 18 A conpl ex

conprising one or nore transition netals, |anthanides, or actinides and one

or nore coxgcHpScoratogHs)@me of Clains 11 to 17 as Ilgands. 15 19. A

conplex of Claim118 conprising a transition nmetal and one or nore conpounds

of C ai m 1#heasin [X igzhatdgen. 28] oARKD s goetneasiinnets,ciriiuowmipanesitiodatsl eromdolvenesur mul a

II1: %0 R fopat@iand o isqan iateggirom 1 to\{A o \aichtherdesiredieomppyog of fgimuied. of two to si x

carbon atons, trifluoronethyl, hen¥l substituted phenyl, aral kyl or ring

subst i t [A%edhe:pegers 9 Claim 23 W“@Wﬂwﬁ yroleranas sohverkhi ch exhi bits opti cal

activity of greater than or eq to 90% 35 22. transiti on

corrpl ex Fni ?ﬁ%”’?‘? oS R (cﬁ?‘égf""ﬂ"c@d(ﬂ HlemRerpturp °b£°é'h§ﬂ°bt ogﬁ‘hﬁtp r@) g] +SbFr
23%A pragces for he, pr, of fornula I

R \Z R QEe pr§cei§f of\ﬁ,?um 2:?zfgrgs%%ncpaefmé@lngrgé%?yph?rﬁ f1 uor onet hyI phenyl ,

substi ttg qujggggy&,mea';réla&wn o?ﬁc&ﬁd&%d%‘%ﬁﬁdl&l\‘t ed aral kyl; 60 and n is an

i nt eger
25

.__R

[
Qp-(caz),, A
" R 3 .
wherein:
35 R is a Cy-Cs alkyl, trifluoromethyl, phenyl, substituted phenyl, aralkyl or rmg-substituted aralkyl;

n is an integer having a value of from 1 to 12; and
A is CCHs, CH, N or P;
comprising reacting a phenyl substituted phospholane of formula lif

AN

R

P-Ph m
"46

R

wherein R is as defined in formufa il, with lithium éﬁd a frihalo compound of formula
50 '
A[(CH2)nX]s
wherein X is halogen and A is as defined in formula I, to yield the desired compound of formula 1l

65 28. The process of Claim 27 conddcted in tetrahydrofuran as a solvent.

29. The process of Claim 27 or Claim 28 conducted at a temperature of from about ~78° C to about 40°C.

“ U O A T
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L .

conprising reacting a phenyl substituted phosphol ane of forrmula Il 55 13
et~ o 11111 11121 |1 Lot EP 0 528 865 Bl R -P-Ph

mRto wherein Ris defined asrostegesBr 1, with [ithiumand a
conmpound of forrmula X-(CH2),-X or RO (CH2),-ORL wherein X |Is hal ogen, OR
or RIO are nethanesul fonate, trifluoronethanesul fonate or p-toluenesul - 16
fonate, aRY Thepwcess of GleimPE,28for gheondycted frantigeriyatragsphetene desired conpound of
forula 1. 24. The process of O aim23 conducted In tetrahydrofuran as a
sol vent . Batentepspriighgcoss of Claim 23 or..Caim 24 conducted at a tenperature
of fromahouyt 0 * C tqg about 40 * C 20:26. The process of Caim 23, 24 or
25 con&c?‘e&sef'?‘f‘da’??’ f’ﬁ&'&&?%’ﬂﬂ?@@e' é’f.rgeﬂ?"b}‘"é ess for the preparation of a
conmpound of forrmula 11 25 30

3 wherein: 35 Ris a C, -Rs alkyl, tRifluoronethyl, phenyl,
substituted phenyl, aral kyl or ng(EHPRL tuked aral kyl; n is an integer
having ,a value of from1l to 1p; Als ) No* P; conprising
reacting a phenyl substitutedighgsphol ane rmula 1T1 40 46 XP-Ph 45 R

wherein Ris as defined in for It, wt 1thiumand a trihal o conpound
of formula sO AlI(CH2)nX i3 wherei'h X is hal®gen and Ais as defined in
formula 11, to yield the desired conpound of formula 11. 85 2& The process
of Cl aimn 27 conducted in tetrahydrofuran as a solvent. 29. The process of
Claim27 or v@riei m 28 conducted at a tenperature of fromabout -78 * Cto
about 40 C. R CtGe-Alkyl, Trifluormethyl, Phenyl,| substitujertay Phenyl) Aralkyl pyer gingspisstigigespiralind ist The
process of @mdim 27, 28 or 29 conducted in an |nert atnosphere.

n eine ganze Zahl mit einem Wert von 1 bis 12 ist.
\;/ 20 .
- Verbindung gem&8 Anspruch 1, die eine optische Akdivitét von gr68er oder gleich 90% zeigt.

Verbindung geméB Anspruch 1 oder 2, worin R Methyl ist.

I

25 Verbindung gem&B Anspruch 1, 2 oder 3, worin n 1 bis 3 ist.

Verbindung gem#B Anspruch 1, bei der es sich:_;"um 1,2-Bis(2,5-dimethylphospholano)ethan handeit.

6. Verbindung gem#B Anspruch 1, bei der es sich um 1,3-Bis(2,5-dimethylphospholano)propan handelt.
30
7. Komplex, der ein oder mehrere Ubergangsmetalle, Lanthanide oder Actinide sowie eine oder mehrere
Verbindungen gem&B einem der Ansprliche 1 bis 6 als Liganden umfaBt.

8. Komplex gem3B Anspruch 7, worin das Ubergangsmetall Rhodium ist.
85 :
9. Ubergangsmetallkomplex gem3B Anspruch 8, bel dem es sich um [(COD)Rh-bis[(2R,5R)-2,5-dimethyl-
phospholanolethan}*SbFs — handelt.

P 10. Ubergangsmetallkomplex gem#B Anspruch 8, bsi dem es sich um [(COD)Rh-1,3-bis[(2R,5R)-2,5-
o dimethylphospholanoJpropan]t PFg™~ handelt.

11. Verbindung, die durch die folgende Formel Il dargestelit wird:

4 R

CP “(CHY, | A
L I

R 3

50

worin:

R G, -Cgs-Alkyl, Trifluormethyl, Phenyl, substituiertes Phenyl, Aralkyl oder ringsubstituiertes Aratkyl ist;
56 A CCHs, CH, N oder P ist und

n eine ganze Zahl mit einem Wert von 1 bis 12 ist.

12. Verbindung gem#B Anspruch 11, die eine optische Aktivitit von gréBer oder gleich 90% zeigt.

' * c L L] S L

15



Ll

Pat ent ansprlche 5 1. Verbindung, die durch die fol gende Fornel |
dargestellt wird: Rt R : (CH 2)a 10 Rworln: R C, -GCs-Al kyl,
Trifluornethyl, Phenyl, substituEPROtE28 8868yl , Aral kyl oder

ringsubstitul ertes Aral kyl ist und n eine ganze Zahl mt einemWrt von 1
bis 12 ist. 20 2. Verbindung gentB Anspruch 1, die eine optische Aktivitat
von gr6I1érVUE‘B‘P""@P@ﬁ?lﬁ"%%hgé%ﬁl’.‘a@@" Msthldeing genaR Anspruch 1 oder 2,

wori n R I\/Etg(g_l ist. 25 4. Verhindun emaB Anspruch 1, 2 oder 3, worin n 1
bi s 3 | st Verbinqyung gomas AP YRk E 2 RAX JPJTH 8 1 Bisdiistyer es sich um

50 e LI T e A
7. Kompl ex, "der "ein oder nehrere Obergangsnetall e, Lanthanide oder Actinide

Li ganden ughi @,‘E};de,t.a Konpl ex gem B Anspruch 7, 'worin das rgangsiret al |
Rhodi ypmist. 35 9. (Obergangsnetali konpl ex genfil Anspruch 8, bel demes

si ch um 47( Gebihdting ombd ARdpabh 12, bar 6br B8 tsial lum NG TRE2RBA)-Z$-BinethiisHEhotano)-
handel t 10ethidemagrangatret al | konpl ex gemaB Anspruch 8, bei demes sich um

[ (COD) Rh-1, 3-bi s[ (2R 5R)-2,5- 40 di et hyl phosphol ano] propanr + PF6-
handel t .181 Komplaq Berrethuetigr melirare dbergangsiietallé, djleanide ofien Antinide Isbwiel aing eder @ieherewi 1 d:
45 5 Verbindungen gem3B einem der Ansprliche 11 4R {7falsftigandép umfaft. 50 worin: R C1

-Cs- Al kyl, Trifluornethyl, Phenyl, substituiertes Phenyl, Aralkyl oder

ri ngsubst: Kemriex qeaddAasprish 18.der sis fbergangsmetatiiynd eipgjodaxmslyare Verbingurigam gerpdBej ne
ganze Zah| ApSPRucRid 2t bigReden uniaft 1 bis 12 ist. 12. Verbi ndung genaB Anspruch

sowl e ei e vQdiduni oSS RnslRb 3 BeNGR s QEﬁ”@:ﬁhﬁis&ff&hgﬁ)tz,séﬁiﬁ&ﬁ&@t}&h&arﬁie&y& al s
5

11, die eipne optische Aktivit~t_vo r 6Ber oder gl eich 90% zei gt.
15@~?£’~~23L0TR'E e dorch e fSigendo Foripel ‘i’ﬂ’-gei‘i'ﬂ'%ﬁ 111Ul EP 0 628 865 Bl 13
Ver bi ndung genEB Anspruch 11 oder 12, worin R Methyl Ist. <-'- 14.
Ver bi ndung gem e Anspruch 11, 12 od 13, worin n 1 bis 3 ist. 6 15.
Ver bi ndung gemAB Anspruch 12, bei es sich um
Tris[4(2S, 5S) -2, 5-di net hyl phosph.o an®-pet hyl | - o
1 ,
30 worin R eine Alkyigruppe mit zwei bis sechs Kohlenstoffatomen, Trifluormethyl, Phenyl, substifuieries

Phenyl, Aralky! oder ringsubstituiertes Aralkyl ist.
21. Verbindung gem#&B Anspruch 20, die eine optische Aktivitit von gréBer oder gleich 90% zeigt.

35 22. Ubergangsmetallkomplex, bei dem es sich um [(COD)Rh((2R,5R)-2,5-dimethyl-1-phenylphospholan). -
*SbFs—~ handelt.

23. Verfahren zur Herstellung einer Verbindung der Formel |

(CH '
i N
P 1
45 R
worin:
§0 R Cy-Cs-Alkyl, Trifluormethyl, Phenyl, substituiertes Phenyl, Aralkyl oder ringsubstituieries Aralkyl ist
und
n eine ganze Zahl mit einem Wert von 1 bis 12 ist; ‘
umfassend die Umsetzung eines phenylsubstituierten Phospholans der Formel Il
55
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met han handelt. 16. Verbi ndung genr B Anspruch 12, be! der es sich um
Tris(2-[ (2R 5R) -2, 5-di net hyl phosphol ano] et hyl )- am n handelt. 10 17.

Ver bi ndung genrn Anspruch 12, b&P 0J528 885 Bdi ch um
1,1,1-Tris(2-[ (2R 5R) -2, 5-di net hyl phosphol ano] - ethyl)ethan handelt. 18.
Konpl ex, der ein oder nehrere Qbergapgsnetal |l e, Lanthani de oder Actinide
sowl e ei ne oder nehrere is Ver bi rdungen genr nB ei nem der Anspr Uche 11
bis 17 als Liganden unfalst. 19. KowRl ex genl8 Anspruch 18, der ein
bewgangsnetal | und ei ne oder nehr repug{brndungﬁg gemAB Anspruch 12 als
iiganden unfaft. 20 20. Verbindun die durch f ol gende Fornel 1111
dargestellt wird: 26 ' R : ., ) 4P. Ph - :
Im R 30 worin R esne Al kyi gruppe nlt zwei bi s sechs Kohi enst of f at onen,
Trifluornethyl, Phenyl, substituiertes Phenyl, Aralkyl oder

[ NgSUDST i t Wofi k& IMEGHE efink ist, fnlt: LIWER mm\éngersednhﬁae%&meuch 20, die eine
opti sche Aktivitat von gr8Ber oder gl eich 90% zel gt. 3s ,

Cber gangs mebetHi X pdee RIO-{08h),-0RM €s sich um

[ (€OD) Rh( (2R, 5R) - 2, 5-dl net hyl - 1- phenyl phosphol an) 21 +SbFs- handelt. 23

Ver f ahr en  z smorid-¥ rHalogdnl isth QREodee R'0/beibanadivng, Thdivonheathianaliforat bdbd p-Toluolsulfonat sind

Rg R und n eine fanZebZahl von 1 bis 12 Ist, wobel man die gewlinschte Verbindung der Faemsl th erhE0 R
Cl-Cg-M kyl, Trifluornmethyl, Phenyl, substituiertes Phenyl, Aral kyl oder

ri ngsubst ¥4c Nﬁéahteésemﬁ%ﬂswchi 2y dog ﬂdTeﬁa"e'f’fﬁ@fag gls 2supgaitohdurchasfihemider t von 1
bis 12 iet; unfassend die UnsetzuNE e|nes,gheqylsubstltU|erten PhoiPhoIans
der For nef> Vpyahtg gsmég Anspruch 33 odey 24, dgs bei oiner Tempeyatrovongater RIC pispaiwa 4

R worln R widtrchgqfPR vk | definiert ist, nit Li t hi um und ei ner Vérblndung

der Foffre 2 t. OR odor
o Ao, YRt So Ao B, 3Bl b R el QAR Rr g O, 00Cr
eI Ne_Ganzg. 8ok Uk Hordiing sl PeruindltPder riABI i1 © gew-nschte Ver bi ndung der

Fornel | erhait

25
.. R ._
CP'(CHZ)n A
I
% R 3
worin:
R C1-Cs-Akkyl, Trifluormethy!, Phenyi, substituiertes Phenyl, Aralkyl oder rmgsubstituuertes Aralkyl ist;
35 n eine ganze Zahl mit sinem Wert von 1 bis 12 ist und p
A CCHs, CH, N oder P Ist; _
umfassend die Umsetzung eines phenylsubstituierten Phospholans der Formel Iil
. ‘R
N
P-
Ph o
R
45

worin R wie in Formel I definiert ist, mit Lithium und einer Trihalogenverbindung der Formel

Al(CHz)Xls j
80 i

worin X Halogen ist und A wie in Formel Ii definiert ist, wobel man die gewtinschte Verbindung der

Formel H erhdit.

28. Verfahren gem48 Anspruch 27, das in Tetrahydrofuran als L8sungsmittsl durchgefilhrt wird.
55
29. Verfahren geméB Anspruch 27 oder 28, das bei einer Temperatur von etwa -78°C bis etwa 40°C
durchgseflihrt wird. _

7 ) OV
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15 24. Verfahren gemAR Anspruch 23, das in Tetrahydrofuran als

E6sungsm ttel durchgefohrt wird. 25. Verfahren gemAf Anspruch 23 oder 24,
das be! einer Tenperatur von etwsP0 528i865B¢t wa 40 C durchgefahrt wird. 20
26. Verfahren gemA8 Anspruch 23, 24 oder 25, das in einer inerten

At nosphdre durchgefthrt wird. 27. Verfahren zur Herstellung el ner

Ver bi ndui¥ly Veriaprefgems| Angaruch 57,28 oder 29, das in einer inesters Aimogpbiate gurchgefint wisd._ A| ky| |
Tri.fluormethyl ., Phenyl, substituiertes Phenyl, Aral kyl oder

ri ﬁgﬁubsﬂqV?TﬂY‘@F'?'é% Aral kyl ist; 36 n eine ganze Zahl nit einem Wrt von

1 bis 12 ist und %(6‘1-43 N oder..P |st; unfassend die Ursetzung ehnes
p_henylss&sp?f%'?pé’?ég 'ﬁﬂtgé’ﬁqﬁ%fc’%@e 'asé"ﬁ'a"I@o'fnel i1l R K-40 c-PPh : ° m
R 45 worin Rwie in Fornel Il definiert ist, mt Uthiumund einer

Tri hal ogenver bi ndung der Fornel, Al (CH2) nX]@ 50 worn X Hal ogen ist und A wie
in Formel 11 definiert ist, wopel . di e gewm | nschte Verbi ndung der For nel
Il erkh~It. 28. Verfahren ge Ape%\Z? s in Tetrahydrofuran als
Losungsnittel durchgefflhrt{wi r® 55 29. Kerfghren geFrAfI Anspruch 27 oder
28, das bet ol ner Tonperatu n etwa -78- s etwa 40*C durchgef Ohrt
wird. 17 * C L M S* 0 628 86RB1 30. Verfahren gemAB Anspruych
27, 28 oder 29, das in einer inerten Atnosphire durchgefthrt wrd.
Revendlicatlons 5 1. Un conpos6 repr6sente par |la formule | suivante: R

R 10 dans laquelle : tcdp/ (CH2)nl\ P | R 15
R est un groupe alkyle en C;~Cs, trifluorométhyle, phényle, phényle substitug, aralkyle ou aralkyle

substitué sur e noyau ; et
n est un nombre entier ayant une valeur de 1 3 12.
2. Le composé de la revendication 1, qui présente une activité optique supérieure ou dégale A 90 %.
8. Un composé de la revendication 1 ou de la r_evendlcation 2, dans lequel R est le groupe méthyle.
25 4. Un composé de la revendication 1, 2_ou 3, dans lequel n estde 1 4 3.
§. Un composé de la revendication 1, qui ési le.1 ,2-ISis(2,5-diﬁéthylphospholano)éthane.
6. .Un composé de la revendication 1, qui est le 1,3-bis(2,5-diméthylphospholano)propane.

7. Un complexe comprenant un ou plusieurs métaux de transition, lanthanides ou actinides et un ou
plusieurs composés de I'une quelconque des revendications 1 & 6 comme ligands. '

8. Lo complexe de la revendication 7, dans lequel le métal de transition est le rhodium.
35
9. Le complexe de métal de transition de la revendication 8, qui est le [(COD)Rh-bis[(2R,5R)-2,5-
diméthylphospholano]éthane]*SbhFs ~.

; 10. Le complexe de métal de transition de la revendication 8, qui est le [(COD)Rh-1,3-bis[(2R,5R)-2,5-
\_/ %0 diméthylphospholano]propane]*PF; .

11. Un composé représenté par la formule H suivante :

M R
P-(CHy), | A
y I
. %0 R o 3
dans laquelle :
R est un groupe alkyle en C;-Cs, trifluorométhyle, phényle, phényle substitué, aralkyle ou aralkyle
56 substitué sur le noyau ; :

A est CCHz, CH, Nou P ; et
n est un nombre entier ayant une valeur de 1 & 12.

I
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dans laquelle: R est un groupe alkyle en G -Cs, trifluorondthyle, phenyle,
phdnyl e substitud, aralkyle ou aral kyle substitu4 sur |le noyau ; et n est
un nonbre entier ayant une val eur ER:O 5288661 20 K w 2. Le conposd de |l a
revendi cation 1, quI prdsente une actlvitd optique supdrieure ou dgal e A 90
% 3. Un co revendl cation.,1 ou de Ig revendl cation 2

| equel |°gmg?sg.95§ "RepfigAten T1paui prgsentg yng Rl oBtiqye s‘f"é"ﬁ"?\ﬂé’r‘?&?‘%ét"? Eﬁ-u 1, 2

20 eda”§% i osB o8 R roieRg ettt P IR s el B ¥t ercge ibve: 9
o3 ) el G152 BbA TR a0) propane. 30 7

Un COI’Tp exe conprenant un ou usSi eurs aux ransition, |anthani des ou

actini des 1§tUnLl-.'8mB&é b 'lésrla\%H&&tu&PﬁP&:? §§ leQFr‘s[ﬂ(zs%Qﬁz Quﬁkﬁﬂﬂﬂkﬁolﬂ%ﬁn éhyl]méthane

revendl cations 1 6 cormme ligands. 8. Le conplexe de |la revendicatton 7,

dans | eques, drﬁ:oma&salde tredendicbBbrl 1204Ui essta thsfe- [qm.umdm@&yushosmamnmﬁe de
nbtal de transition de la revendication 8, qui est le

[ (COD) Rh- 7. An( dimpb$d) de Jerevahidiaaion y2,pdud sgthie | 1aniadist2-thzrsR)-2 Slainisthylphckpholah@éthyl)-
conpl exe de &ebeal de transition de |la revendlcation .8 qui est |le

[ (COD) Rh-1, 3-bi sE(2R, 5R)-2,5- 43 O di m~t hyl phosphol ano] pr opane] +PF6- .
11. Un coididcamplexel semirenapiayn du pibsinuraimétauicdestrangition; lanthangiies @C actinides et un ou
A dans "* aquenlysieurs poraposés g I'yreciypieongyeldep @V@'}ﬁ“c@‘m&‘ & 17 qommedieandst hyl e,

phényl e, EQGnyI e substl tu6, aral kyle ou aral k e 55 substitud sur
noyau; "gs&mg la VB'EF'%‘”"e‘P ompeopart 0 Gt Joctransiion of "fa%ﬂvs'%&mavséﬁr
de 1 & 12 arevendlcatlon 12 Commelgglf . 1111 Hl | Sl R |

EP O 828 Bl 12.. U endi catlon 11, qul prdsente une
acy | yi £4 g?gﬁf"qcﬁ'é'p%sﬁﬁ %sgngér%argaﬁc’"e"u'e "Ps"“'a D' % 13. Un conpos6 de |a

revendi cation 11 ou de la revend| cat i on 12, dans |l equel R est |e groups
néthyle. 5 14. Un conpos6 de | a revgndi cati on 11, 12 ou 1 3,- dans | equel
n est de 1 & 3. 16. Un conposd de evendi cation 12, qui est le

tris[ (@S, 5S)-2,5-dinmethyl phosphol gno)Mhhyl | mstﬁfne. 16. Un conpos6 de | a
revendl catl on 12 qui est la y

tris(2-[(2R 5R)- 2 5-di n6t hyl phosphol noj-6thyl)am ne. 10 17. Un conpos6 de
| a revendi cation 12, qui est ie

1,1,1-tris(2-[(2R 5R) 2, 5-di m~t hyl phosphol ano] 4t hyl)- dthane. 18. Un

corrpl exe cordenselaauslle Bresbun jofousd alkmies devdeux Lix sixl etomesa e carbann,, trifiugreméthyie.cebényia
acti ni des etPhénylegybstitgé, aralkylgoy siatkylp subsifyfrus\@soxde | une quel conque des

revendi catlons 11 & 17 comme | |z%ands _
21. Un composé de la revendication 20, qui présente une activité. optique supérieure ou égale & 90 %.

35 22. Le complexe de métal de transition qui est le [(COD)Rh((2R,5R)~2,5-diméthyl-1-phénylphospholane)z ]-
+SbFg .

23. Un procédé pour la préparation d'un composé de formule |

o w0
R R:
(CHP\ |
e N
“ P P I
'R
60 dans laquelle :

R est un groupe alkyle en C;-Cs, tnfluorométhyle, phényle, phényle substitué, aralkyle ou aralkyle
substitud sur le noyau ; et
n est un nombre entier de 1 & 12 ;
comprenant la réaction d'un phospholane substitué par un groupe phényle de formule Il
65
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19. Un conpl exe de | a revendication 18, conprenant un mdtal de transition

et un ou plusieurs conposds de | a revendication 12 comme |igands. 20 20. Un

conpos6 reprdsent6 par |a fornulEP 0b28 888 Bante: R 25

CPPh R f 30 dans laquelle R est un group. al kyle de deux b six atones

de carbone, trifluoronrthyle, phenyle, phenyle substitu6, aralkyle ou

aral kyl e substitue sur |le noyau. 21. Un conposd de |la revendication 20, qui

présente une activite optique supeR eure ou egale & 90 % 35 22. Le

cotpl exe de mtal de transition qul] est 1o

[(CCD% Rh( (2R, 5R) - 2, 5- di net hyl - g& osphol ane) 2] - +SbFs- 23. Un proced6

pour Ta preparation d' un conpos6 3 mule | HI40 R R 46

I R 60 dans | aquelle: R est unlgroups al kyle en Cl-CG

trifluorondthyle, ph~nyle, ph6nyl eRsubstitue, aral kyl e ou aral kyl e

substitud sur e noyau ; et n est un nonbre entier de 1 & 12; conprenant |la

rdacton dodHed (BNl Bhe SRl et amwenpomrmnﬁnede formule 11 65
528 865 Bi R est tel quo d6fini

dans Ia fox.(oﬁzﬁ,.xjou p@a.mzﬂ@nhlthl um et un corrposd do for mul e X-(CH2) h-X ou

R1O- (CH2) 0- OR1 ou X est un hal ogbne, OR ou RI O est un radical _

mdt hanesul dtox astayn Halogdne UOR VMR IVeesE B Fekiiodl aiéthasasulfonatd, Grifluoroiéthanesuiadwtefonat e,

et n rest unludresiforatecetin est unchemiirelentibPde D ti2, ppur prbduirede compoidsirdciedatabiie 6 de

formule 1. 24. Le proodd6 de |a revendication 23, conduit dans du

t ~t r ahy @#-cfepreshdfdede remendisation g condgibdans du {§irainydrofgragne comme salvantdi cat | on 23 ou

de | a revendication 24, conduit A une tenperature d' envirgn O C j a

envi r on 28B0-eErooses dq la “13?’19!93’{1’8 23 au flgylapeygrdinafion 24; ORduS A ung jempfratons d'%’ﬁ'i‘?ﬁ 8'¢ dans

u e mos pheVEen 9af+ e. Un proced6 pour la preparation d' un conposé de
2&' 1Le procéd% égeQa revendication 23, 24 ou 25, conduit dans une atmosphgre inerte. H) n A

27. Un procédé pour la préparation d'un composé de formule Il

25
‘R g
CP-(CH,)n A
30 : I
| | R 3
dans laquelle :
35 R est un groupe alkyle en C;-Cs, trifluorométhyle, phényle, phényle substitud, aralkyle ou aralkyle
substitué sur le noyau ;
n est un nombre entier ayant une valeur de 1 & 12 ; et
A est CCHs, CH, Nou P ;
o comprenant la réaction d'un phospholane substitué par un groupe phényle de formule Il
\_~ 40
R
P-Ph oo
45
R
ol R est tel que défini dans la formule 1I,.avec du lithium et un composé trihalogéné de formule
60

~ Al(CHz)nX]s

ol X est un halogéne et A est tel que défini dans la formule Il, pour produire le composé désiré de
formule Il
66
28. Le procédé de la revendication 27, conduit dans du tétrahydrofuranne comme solvant.

2 ) O OO
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dans laquelle: 35 R est un groupe alkyle en C, -G8,

trifluorondthyle, phényle, phenyle subsatu6, aral kyle ou aral kyl e substitud

sur | e noyau; n est un nonbre ent EP0 528886 Bine val eur de 1 b 12; et A est

. CCH3, CH, N ou P; conprenant l|la r6action d' un phospholane substi t ud par un

groupe ph~nyl e de formule 1111 40 48 XP-P R oD Rest te

que d~f i R baRecddd dedp rm'P'a;d'qal'o" H\icdedl 'P‘iet"’fﬁaﬁ?ﬁ 2% c‘emuibanmwpéﬁawm B de
Q? iful e 50 (78/3\?@@12‘)’"5@ "ob X est. un hal ogene et A est tel que ddfini dens

o]

pr oc 6<r1l gu a@ i:%b'f’gégg 43 B&gg?%%&??ﬁ %C?nggl ?"@53%‘2 gﬁ"d ﬁ?r{m l??'lﬁ ur 25 ng&c Io_sme

solvanf 20 *C EP 0 628 885 Bl 29. Le procdd6 de la

revendi cation 27 ou de Ia revendi cation 28, conduit a une tenperature

d environ -78* C a environ 40 C. 30. Le proc~dd de |la revendicatlon 27. 28
ou 29, conduit dans une atnosphere Inerte. 10 15 20 25 30 36 40 48 50 65
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