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The trivalent fluorophosphinet)-PFPh{-Pr), (+)-1, has been prepared by halogen exchange of the corresponding
chlorophosphine with sodium fluoride in hot sulfolane. The neat fluorophosphine rapidly decomposes by
equilibrium redox disproportionatiomto PRPh(-Pr) and R*, R*)/(R*, S*)-Ph(i-Pr)PPPHh(Pr), but in benzene,
()-1 has considerable thermodynamic stability. The resolutioe-dpfl(was achieved by a fractional crystallization

of the diastereomerfR(Rp)- and R,S:)-chloro[1-[1-(dimethylamino)ethyl]-2-naphthalen@IN](fluorophenyliso-
propylphosphine)palladium(ll),RRr)- and R S5)-5, whereby the less solubld&k(Rp) diastereomer selectively
crystallized in 64% vyield in a typical second-order asymmetric transformation. Optically Bute )-1, [O.]ZDO

—210 (€ 0.59, GHe), was liberated fromR,Rp)-5 with (R*, S¥)-1,2-phenylenebis(methylphenylphosphine). The
optically active phosphine in benzene racemizesr dvé without significant redox disproportionation. The
methoxyphosphineff)-P(OMe)Phi-Pr), (£)-9, was also resolved by the method of metal complexation. Thus,
fractional crystallization of R Rp)- and R,Sp)-chloro[1-[1-(dimethylamino)ethyl]-2-naphthalen@IN](methoxy-
phenylisopropylphosphine)palladium(IIRRp)- and R,S)-8, followed by liberation of the respective optically
active methoxyphosphines from the separated diastereomers with 1,2-bis(diphenylphosphino)ethaf®; gave (
(+)- and ©-(—)-9 of 92% and 96% ee, respectively. The barrier to unimolecular inversion#p9 (was
determined to be>82.9 + 0.5 kJ mot? by variable temperaturéH NMR spectroscopy. The substitution of
fluoride in (R,Rp)-5 by methoxide proceeds with predominant inversion of the configuration at phosphorus to
give RRp)- and RS)-8 with (RS)/(RRp) = Ys. The crystal structures oR(Rr)-5 and ] Rq)-8 have been
determined: R Rp)-5 (Ca3H2sCIFNPPd) crystallizes in the orthorhombic space gre@g;:2; with a = 9.967(2)

A, b=10.998(4) Ac = 21.324(3) AZ = 4, andR = 0.031; R Rp)-8 (C24Hz:CINOPPd) crystallizes in the space
groupP2;2;2; with a = 10.444(3) Ab = 12.146(3) A,c = 19.047(2) A,Z = 4, andR = 0.026.

Introduction be resolved in certain iron(ll) complexes, but the phosphine or
arsine could not be liberated from the metal in these compfexes.
Here we report that#)-PFPh{-Pr), #)-1, can be readily

resolved by the separation of diastereomers of certain optically

resolution of other simple trivalent phosphorus compounds, active palladium(ll) complexes containing the phosphine, and
especially halogenophosphines of the type R which that free §-(—)-1 can be liberated in optically pure form from

would be valuable intermediates for subsequent syntheses in .
optically active form. Calculations of pyramidal inversion the less soluble diastereomer. The methoxyphosphife (

barriers for compounds of this type indicated that configurational P(OMe)Phi:Pr) was also prepared and independently resolved.

o : : The stereochemistry of the substitution of the fluoride by
stability at phosphorus increased with attachment of electrone- S 4 . .
gative substituents, for example chlorine or especially fluorine methopde in coordinated{)-1 has been |nvest|gateq. A
atoms® Nevertheless, the first reported attempts at synthesizing preliminary account of part of this work has been published.
optically active fluoro- and chlorophosphines of the type
PXRIR? from optically active compounds of the type P(BR
RIR? by cleavage of the amino group with appropriate acyl \ 1
halides, hydrogen chloride, or phosphorus trichloride were R... ; P
unsuccessful. In 1992, however, it was reported tha®){ Ph/\ “F : F i\ph
(—)-[P(SMe)CI¢-Bu)Ph]CRSG; of 63% optical purity could be iPr i-Pr
desulfurized with tris(dimethylamino)phosphine-af0 °C to '
give (9-(+)-PCIt-Bu)Ph of 49.4% optical purity before puri-
fication® The chlorophosphine lost its optical activity over 20
h in the polarimeter cell (conditions not specified). In other . .
work it was shown that)-PCIMePh or )-AsFMePh could ~ Results and Discussion
(a) Synthesis and Resolution of£)-Fluorophenylisopro-

Following the first resolution of a simple acyclic tertiary
phosphine in 19612 the question arose as to the suitability for

(A-1 (S)-1

1® A|~_|b5”aCt II_JL_JB{'/_Shﬁd 'ﬁqvgnce AAC'SMAb?tfaCtgﬁ}”#af;y 15, 139.63 . Pylphosphine ()-1). On the basis of the literature procedure
@ P.O'lr'gfrréhé'drolr? Lgiléél i%‘i’_ - Vientiup, B, Hotfimann, H., BECK o1 the synthesis of PEBU),,8 (+)-1 was isolated in 55% yield
(2) Pietrusiewicz, K. M.; Zablocka, MChem. Re. 1994 94, 1375.
(3) Baechler, R. D.; Mislow, KJ. Am. Chem. Sod.971, 93, 773. (6) Salem, G.; Shaw, G. B.; Willis, A. C.; Wild, S. B. Organomet.
(4) Horner, H.; Jordan, MPhosphorus Sulfur Relat. Elerti98Q 8, 235. Chem.1993 444, 147. Salem, G.; Shaw, G. B.; Willis, A. C.; Wild,
(5) Omeldrezuk, J.J. Chem. Soc., Chem. Comma892 1718. Haele, S. B.Ibid. 1993 455 185.
G.; Kuckelhaus, W.; Tossing, G.; Seega,JJ.Chem. Soc., Dalton (7) Pabel, M.; Willis, A. C.; Wild, S. BAngew. Chem., Int. Ed. Engl.
Trans.1987 795. 1994 33, 1835.
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First Resolution of a Free Fluorophosphine
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by heating a mixture of£)-PCIPh{-Pr)® and sodium fluoride
in sulfolane and distillation in vacuo with collection at196
°C (eq 1). The¥®P{1H} NMR spectrum of a benzene solution

(£)-PCIPh{- Pr)

% (+)-PFPh{-Pr) 1)
(£)-1

of the freshly thawed distillate at 2% indicated 86% of £)-

1, along with a number of minor impurities including the redox
disproportionation produ@. A neat sample of%)-1, after 16

h at 25°C, had almost completely disproportionated i@tand
(R RM/(R*,S)-3. Thus, &)-1is considerably less stable than
PF{-Bu),, which showed no evidence of decomposition when
heated at 150C for 100 h, even in the presence of a trace of
sodium fluoride® It is noteworthy, however, that the redox
disproportionation of £)-1 is slowed down dramatically in
benzene. After 20 months, a solution df)(1 in benzeneds

had disproportionated according to eq 2, but a trace (ca. 1%)

of (£)-1 was still evident in thé?P{1H} NMR spectrum of the

solution, suggesting an equilibrium between the trivalent fluo- e
eq 2). (R*,S9)-1,2-CeHa(PMePh) (6)1° in benzene (Scheme 2). The

rophosphine and the redox disproportionation products (

3 (4)-1 — PFPh(-Pr)+ Ph(-Pr)P-PPh{-P1)  (2)

2 (R*, R)/(Rr, S)-3
The reaction of 2 equiv 4)-1 with (R)-4-CH,Cl,10 in
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found to contain both diastereomers in the equilibrium 75:25
ratio. In pure form, RRp)-5 is kinetically stable in dichlo-
romethaned,. The interconversion betweeR Rp)- and R $)-5
could be caused by ligand exchange involving tracest)fl
or its decomposition products with one or both of the diaster-
eomers and subsequent intermolecular racemization and reco-
ordination of the fluorophosphine. The configurationally ho-
mogeneous product havinip 185.14 ppm, colorless prisms,
readily soluble in dichloromethane and benzene, moderately
soluble in diethyl ether, was identified aR Rp)-5 by X-ray
crystallography (see below).

(b) Liberation of ( S)-(—)-Fluorophenylisopropylphosphine
((9-(—)-1). The liberation of optically pureS)-(—)-1 from
(R Rp)-51* was effected by treatment of the complex with achiral

displacement proceeds with retention of configuration at phos-
phorus to give homochiral §-(—)-1, as verified by the
quantitative repreparation of the starting compleyf)-5 from

the free ligand andR)-4-CH,ClI; in a rapid quenching experi-
ment (Scheme 1). A solution 08-(—)-1 having ]2’ —210

dichloromethane produced the pair of diastereomeric complexes(c 0.59, GHs) was obtained within 30 min of liberation, the

(RRp)- and R,S)-5 in almost equal amounts (Scheme 1), as
evidenced by a sharp doubletgt185.14 ppm{J(PF)= 927.8
Hz) and a broad doublet a@% 181.36 ppm {J(PF) = 937.5
Hz) in the3P{1H} NMR spectrum. Interestingly, the intensity
of the resonance &p 185.14 ppm increased to 75% over 18 h,

whereupon it remained constant at this equilibrium value.

Consistent with this observation, removal of solvent, followed

minimum period required to remov&Re,Sp)- and RS, Rp)-7

and to prepare an accurate sample of the phosphine for
polarimetry. Significantly, however, although the specific
rotation of the solution increased to zero witléi h (presumably

by intermolecular fluorine exchange, perhaps involving the
phosphenium fluoride as intermedia®g the 31P{1H} NMR
spectrum of a sample taken from the same solution showed no

by dissolution of the residue in diethyl ether and subsequent discernible disproportionation intband R*, R*)/(R*,S¥)-3 over

filtration to remove a small quantity of solid impurity, gave a
colorless solution from which the diastereomer havipd85.14

ppm was obtained in 64% combined yield in a typical second-

order asymmetric transformatidf. The final mother liquor was

(8) Fild, M.; Schmutzler, RJ. Chem. Soc. A97Q 2359. Stelzer, O.;
Schmutzler, RInorg. Synth.1978 18, 173.
(9) Mitchell, J. D.; Grim, S. Olnorg. Synth.1976 16, 195.

(10) Martin, J. W. L.; Stephens, F. S.; Weerasuria, K. D. V.; Wild, S. B.
J. Am. Chem. S0d.988 110, 4346.

(11) For clarity the heteroatom is specified in the Calmgold—Prelog
(CIP)2 descriptors of compounds containing two or more different
chiratopic atoms.

(12) Cahn, R. S.; Ingold, C.; Prelog, ¥ngew. Chem., Int. Ed. Endl966
5, 385.

(13) Turner, E. E.; Harris, M. MQ. Re.. Chem. Soc1947, 1, 299.

this period. With 1,2-bis(diphenylphosphino)ethane (dppe), the
displacement of §-(—)-1 from (R,Rp)-5 was too slow for the
observation of optical activity in the liberated fluorophosphine.

(c) Synthesis and Resolution of £)-Methoxyphenyliso-
propylphosphine ((#)-9). The methoxyphosphineH)-9 was
isolated as a colorless liquid in 67.8% vyield by treatment of a
solution of &)-PCIPh{-Pr) in n-hexane with an excess of a
mixture of triethylamine and methanol in the same solvent at
—78 °C, followed by filtration, removal of the solvent from
the filtrate, and distillation of the residue in vacuo.

(14) The apparent inversion that takes place on liberation of the phosphine
is a consequence of the CIP rulés.
(15) Roberts, N. K.; Wild, S. BJ. Am. Chem. Sod.979 101, 6254.
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Reaction of 2 equiv £)-9 with (R)-4:CH,CI; in dichlo-
romethane produced an equimolar mixture of the pair of
diastereomeric complexeR Rp)-8 and R,S)-8, according to
the intensities of the two singlets & 137.79 and 141.38 ppm
in the31P{1H} NMR spectrum of the reaction mixture. Removal
of the solvent from the reaction mixture, followed by treatment
of the residue with diethyl ether, concentration, and filtration,
afforded a colorless solid and a pale yellow mother liquor.
Recrystallization of the solid from dichloromethardiethyl
ether afforded the pure diastereomer hawpd.41.38 ppm in
43% yield, whereas the pure diastereomer hawin37.79 ppm
was isolated from the mother liquor as theoluene salatein
37% vyield by removal of the solvent followed by four
consecutive recrystallizations of the residue from hot toltene
n-hexane. The isomer havirdp 141.38 ppm was identified as
(R,Rp)-8 by X-ray crystallography (see below); accordingly, the
diastereomer havinge 137.79 ppm has thdi(S-) configuration.

(d) Isolation of (R)-(+)- and (S)-(—)-9. The liberation of
(R)-(+)-9 from configurationally homogeneouR,&s)-8-CeHs-
CHs; was effected by treatment of the complex in dichlo-
romethane with 1,2-bis(diphenylphosphino)ethane (dppe) (Schem
4). Optically active R)-(+)-9 was isolated as a colorless liquid
in 58% yield with []%° +310 (¢ 0.47, CHCIy) by the addition
of n-hexane, concentration of the mixture, filtration, removal

[S]
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Figure 1. ORTEP view of R,Rp)-5 showing atom-labeling scheme of
selected non-hydrogen atoms. Thermal ellipsoids enclose 50% prob-
ability levels.

samples of the free phosphine in dichloromethane after 5 min,
1 d, and 2 d, when quenched witR){4-CH,Cl,.

In the 'H NMR spectrum of £)-9 in 1,2-xylened,o at 128
°C the isopropyimethylresonances were still observed as two
doublets of doublets, which was implicit of chiratopic phos-
phorus at the elevated temperature. Therefore unimolecular
inversion at phosphorus is slow on the NMR time scale under
these conditions. If 128C is taken as the lower limit for the
coalescence that would result from faster inversion, it can be
calculated from the NMR data that the upper limit for the rate
constant for intramolecular inversion at phosphorustiji9 at
this temperature is 131.3'5 Applying Eyring’s equation to
these data, the minimum value for the free energy of activation
for inversion at phosphorus in)-9 is 82.94- 0.5 kJ mof? at
128°C.

(e) Reaction of R,Rp)-5 with Sodium Methoxide. Due to
rather rapid racemization in the free form, derivatizations of
resolved {)-1 were carried out on the coordinated ligand. Thus,
treatment of a benzene solution & Re)-5 with an excess of
freshly prepared sodium methoxide in methanol followed by
removal of the solvents in vacuo, dissolution of the residue in
dichloromethane, and flash chromatography of the solution on
silica afforded the corresponding methoxyphosphine complex
(RS)/(RRp)-8 with (RS)/(RRp) = 5/1, as indicated by the
intensities of the two singlets in tHé&P{1H} NMR spectrum at
0p 137.79 and 141.38 ppm (Scheme 3). (TreatmenRdR)-5
with an excess of an equimolar mixture of triethylamine and
methanol, however, resulted in very slow conversion of the
complex into R,.S$)-8 and R,Sp)-8, together with considerable
epimerization at phosphorus in the starting complex.) Thus,
the substitution of fluoride inR,Rp)-5 by methoxide proceeds
with predominant inversion at the fluorophosphihestereo-

of the solvent under reduced pressure, and recondensation ofgnter.

the residue at-78 °C and 7.5x 10°® mmHg. Treatment of a
solution of the recondensed product in dichloromethdnsith
(R)-4-CH.Cl; gave R S)-8 and R,Rp)-8 in the ratio of R )/
(RRp) = 96/4, as determined b3P{1H} NMR spectroscopy.
Thus R)-(+)-9 was isolated in 92% ee. SimilarlyS¢(—)-9
was liberated fromR,R)-8 in 57% yield having §]3° —317
0.60, CHCly) (96% ee).

The degree of racemization of+}- and ()-9 during

(f) Crystal and Molecular Structures of (R,Rp)-5 and
(R,Rp)-8. The molecular structures oR[Rp)-5 and R,Rp)-8
are depicted in Figures 1 and 2, respectively. Crystal data for
the two complexes are given in Table 1. The most important
bond distances and angles f&t,Rp)-5 and R},Rp)-8 are given
in Tables 2 and 3, respectively. CompouRRp)-5 is the first
alkylarylfluorophosphine complex to be isolated, and the
structure determination performed is the first to our knowledge

liberation, albeit small, was unexpected and the application of on an organo(fluoro)phosphine palladium complex. The-P

similar conditions to those used for the liberation of optically
pure §-(—)-1 did not lead to an improvement in the optical
purity of the enantiomers off)-9. Once liberated, however,
free R)-(+)- and ©-(—)-9 were configurationally stable, as
indicated by the invariance of th&P{*H} NMR spectra of

distance in R,Rp)-5 is slightly longer than the PF bonds in

(16) Heuer, L.; Jones, P. G.; Schmutzler,JRFluorine Chem199Q 46,
243. Meyer, T. G.; Jones, P. G.; Schmutzler,ZR Naturforsch. B:
Chem. Scil993 48h 875. Heuer, LPlatinum Met. Re. 1991, 35,
86.



First Resolution of a Free Fluorophosphine

Figure 2. ORTEP view of R,Rr)-8 showing atom-labeling scheme of
selected non-hydrogen atoms. Thermal ellipsoids enclose 50% prob-
ability levels.

Table 1. Crystallographic Data for CompoundR,Rs)-5 and
(RRp)-8

(RRp)-5 (RRe)-8
formula GosH2sCIFNPPd G4H3:CINOPPd
mol wt 510.31 522.34
cryst syst orthorhombic orthorhombic
space group P21212; P21212¢
a, 9.967(2) 10.444(3)

b, A 10.998(4) 12.146(3)

c, A 21.324(3) 19.047(2)

V, A3 2337.3(7) 2416.2(4)

z 4 4

crystdimens, mm 0.2& 0.16x 0.13 0.32x 0.27x 0.20
dealca g CNT3 1.450 1.436

u, et 9.93 9.60

X-ray radiatiod Mo Ka (A =0.71069 A) Mo Ko (A =10.71069 A)
diffractometer Rigaku AFC6S Philips PW 1100/20
T,°C 25.0 23.0

no. of unique data 1923 2456

no. of datauséd 1528 2096

no. of variables 253 262

Re 0.031 0.026

Ru¢ 0.020 0.029

GOF 2.09 1.54

F(000) 1040 1072

2 Graphite monochromato?.l > 3o0(1). R = Y ||Fo| — |F¢||/3|Fol;
Ry = {IW(IFo| — [Fcl)XW(Fo)3 "% GOF = {3W(|Fo| — |Fel)?/(no.
ref. — no. var.}¥2
Table 2. Selected Bond Distances and Angles fBiRp)-5

Distances (A)
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Table 3. Selected Bond Distances and Angles fBiRp)-8
Distances (A)

Pd-P 2.227(1) Pe-Cl 2.398(1)
Pd—N 2.155(4) P&-C(15) 1.997(4)
P—C(1) 1.820(6) P-C(4) 1.816(6)
P— 1.604(4) 0O-C(24) 1.428(9)
N—C(10) 1.485(7) N-C(11) 1.474(7)
N—C(12) 1.497(7) C(12yC(14) 1.504(7)
C(14)-C(15) 1.386(7)
Angles (deg)
P—Pd-CI 92.51(6) CHPd-N 92.2(1)
N—Pd-C(15) 80.4(2) C(15yPd-P 95.0(1)
P—Pd-N 175.2(1) CHPd-C(15) 169.2(1)
Pd—P-C(1) 115.4(2) Pe&P-C(4) 111.1(2)
Pd-P-0O 120.1(2) Pe&-N—C(10) 106.6(3)
Pd—N—C(11) 116.8(3)  PeN—C(12) 104.9(3)
N—-C(12-C(14) 108.2(4) C(12yC(14y-C(15) 116.0(5)
C(14)-C(15-Pd  114.8(4)

upon complexatiod® (R,Rp)-8 appears to be the first transition
metal complex of an alkylalkoxyphenylphosphine to be char-
acterized by X-ray structural analysis. The-® distance in
(RRp)-8 of 1.604(4) A compares closely with the corresponding
distance in other (alkoxyphosphine)palladium(ll) complexes, and
the Pd-P distance is also unexceptiodal.In both R Rp)-5
and R,Rp)-8, the coordination geometry around the palladium
is slightly distorted from square-planar with the phosphine ligand
being situated trans to the dimethylamino group, which is typical
for such complexe® Characteristic of complexes containing
the ortho-palladated 1-[(1-dimethylamino)ethyllnaphthalene frag-
ment, the 5-membered metallacyclic rings iRRp)-5 and
(R,Rr)-8 each adopt thé-envelope conformation, which forces
the benzylic methyl group [C(13)] in each complex into the
axial disposition due to the unfavorable steric interactions
between the equatorial benzylic methyl group and H(22) of the
naphthalene residd€2%21 The interplanar angles between+d
N—C(12) and C(12)yC(14)-C(15)-Pd are 37.52 and 39.%59
for (RRp)-5 and R,Rp)-8, respectively.

Conclusion. Despite rapid equilibrium redox disproportion-
ation in the neat state;)-PFPh{-Pr) in benzene has consider-
able thermodynamic stability and can be readily resolved in
diastereomeric palladium(ll) complexes from which the optically
pure ©)-(—) fluorophosphine can be liberated with retention
of the configuration at phosphorus. The methoxyphosphite (
P(OMe)Phi-Pr) was resolved by a similar procedure, giving
the configurationally stableR)-(+) and §-(—) enantiomers
in 92 and 96% ee, respectively. Substitution of fluoride by
methoxide in the coordinated fluorophosphine proceeds with
predominant inversion at phosphorus.

Experimental Section

Manipulations involving air-sensitive compounds were performed
under a nitrogen atmosphere with use of the Schlenk technique. Diethyl
ether, n-hexane, and toluene were freshly distilled from sodium

Pd-P 2.215(3) Pe-Cl 2.397(2)
Pd-N 2.126(7) Pe-C(15) 2.012(7)
P-C(1) 1.819(10) P-C(4) 1.786(9)
P—F 1.589(5) N-C(10) 1.50(1)
N—C(11) 1.474(10) N-C(12) 1.49(1)
C(12)-C(14) 1.51(1) C(14yC(15) 1.38(1)
Angles (deg)
P—Pd-ClI 88.08(10) C+Pd—N 92.9(2)
N—Pd-C(15) 81.0(3) C(15yPd-P 98.1(3)
P—Pd-N 178.4(2) CHPd-C(15) 173.2(2)
Pd—P-C(1) 115.0(3) PeP—C(4) 115.3(3)
Pd-P-F 117.1(2) Pe-N—C(10) 108.8(6)
Pd—N—-C(11) 115.9(6) P&N—C(12) 106.2(5)
N—C(12-C(14) 107.8(7) C(12yC(14y-C(15) 116.9(8)
C(14)-C(15-Pd 113.7(6)

similar diarylfluorophosphine complexes of platindfiowever,
and very similar to the corresponding distancesans [NiBr ,-
{PFt-Bu)z} 2],1” where the P-F bonds are shortened by 0.04 A

(17) Sheldrick, W. S.; Stelzer, Q. Chem. Soc., Dalton Tran$973 926.

(18) Oberhammer, H.; Schmutzler, R.; Stelzer)@rg. Chem1978 17,
1254.

(19) Braunstein, P.; Matt, D.; Nobel, D.; FischerJJChem. Soc., Chem.
Commun.1987, 1530. Powell, D. R.; Jacobsen, R. @ryst. Struct.
Communl198Q 9, 1023. Bouaoud, S.-E.; Braunstein, P.; Grandjean,
D.; Matt, D.; Nobel, D.Inorg. Chem.1986 25, 3765. Taylor, N. J.;
Carty, A. J.J. Chem. Soc., Dalton Tran&976 799. BerdaglueP.;
Cortieu, J.; Adams, H.; Bailey, N. A.; Maitlis, P. M. Chem. Soc.,
Chem. Commuril994 1589.

(20) Leung, P. H.; Willis, A. C.; Wild, S. Blnorg. Chem1992 31, 1406.
Gugager, P.; Willis, A. C.; Wild, S. BJ. Chem. Soc., Chem. Commun.
1990 1169. Allen, D. G.; McLaughlin, G. M.; Robertson, G. B.;
Steffen, W. L.; Salem, G.; Wild, S. Bnorg. Chem1982 21, 1007.

(21) Alcock, N. W.; Hulmes, D. I.; Brown, J. MJ. Chem. Soc., Chem.
Commun.1995 395. Leung, P. H.; McLaughlin, G. M.; Martin, J.
W. L.; Wild, S. B.Inorg. Chem.1986 25, 3392.
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benzophenone ketyl and dichloromethane from calcium hydride,
respectively, and stored under nitrogent){Chlorophenylisopropy-
Iphosphiné, resolving agent R)-4-CH.Cl,,'° and R*,S*)-1,2-CsHa-
(PMePhj} (6)*° were prepared according to published procedures.
1H, 3P and™®F NMR spectra were recorded in the solvents specified
at 23°C on a Varian VXR 300S spectrometer operating at 299.94,
121.42, and 282.20 MHz, respectively3C{*H} NMR spectra were
recorded in the solvents specified at 23 on a Varian XL 200E or

VXR 300S spectrometer operating at 50.31 and 75.43 MHz, respec-

tively. The NMR spectra were referenced to /8e(*H, 1°C), CFCk
(*°F), or external 85% aqueousPDy (3'P) with downfield shifts being
positive. Optical rotations were measured in a Perkin-Elmer Model
241 polarimeter in a 1-dm cell at 2C. Mass spectra were recorded

Pabel et al.

(RRe,S)/(RS,Rp)-7. Treatment of the solution withRj-4:CH,Cl,
regenerated quantitativeR[Rr)-5, as determined by*P{*H} NMR
spectroscopy.

(£)-Methoxyphenylisopropylphosphine (&)-9). A mixture of
methanol (4.69 g, 135.3 mmol) and triethylamine (13.25 g, 130.9 mmol)
in n-hexane (150 mL) was added dropwise to a stirred solutiog=pf (
chlorophenylisopropylphosphine (18.13 g, 97.2 mmol) in the same
solvent (200 mL) at-78 °C. At room temperature, the triethylam-
monium chloride was filtered off and washed witthexane (2x 75
mL). Removal of the solvent from the filtrate under reduced pressure
followed by distillation of the residue in vacuo afforded the desired
product as a colorless liquid: bp 4€ (0.2 mmHg); yield 11.96 g
(67.6%). Anal. Calcd for @HsOP: C, 65.9; H, 8.3; P, 17.0.

on a VG Micromass 7070F double-focusing mass spectrometer. FastFound: C, 65.5; H, 8.5; P, 16.2H NMR (C¢D¢): 6 0.87 (dd2J(HP)
atom bombardment (FAB) mass spectra were recorded on a VG = 15.0 Hz,3)J(HH) = 7.5 Hz, 3 H, CHVey), 1.11 (dd 2J(HP) = 13.5

Analytical ZAB-2SEQ mass spectrometer (ionization: 30 keV i6ss)
in a matrix of 3-nitrobenzyl alcohol. Elemental analyses were carried
out by staff within the Research School of Chemistry.
(+£)-Fluorophenylisopropylphosphine &)-1. A mixture of chlo-
rophenylisopropylphosphine (11.75 g, 63.0 mmol) and sodium fluoride
(14.36 g, 342.0 mmol) in sulfolane (120 mL) was heated with stirring
at 140°C for 80 min. The product, bp 9T (14 mmHg), was collected
at—196°C. Yield: 6.09 g (55%).'H NMR (CD.Cl,): 6 0.91 (ddd,
3J(HP) = 15.6 Hz,%J(HH) = 6.9 Hz,*)(HF) = 1.2 Hz, 3 H, CH),
1.21 (ddd3J(HP) = 13.5 Hz,23J(HH) = 6.9 Hz,%)(HF) = 1.2 Hz, 3 H,
CHs), 1.94-2.14 (m, 1 H, GiMey), 7.44-7.62 (m, 5 H, GHs).
B3C{*H} NMR (CD,Cl,, 75,43 MHz): 6 15.30 (dd 2J(CP)= 19.2 Hz,
3)(CF) = 5.5 Hz, CHy), 16.85 (dd 2J(CP) 15.3 Hz3J(CF) = 2.7 Hz,
CHg), 34.09 (dd,))(CP) = 21.4 Hz,2)(CF) = 12.1 Hz, CH), 128.71
(dd,3)(CP)= 7.7 Hz,*)(CF) = 1.7 Hz, ArCm), 129.64 (dd2J(CP)=
23.1 Hz,3J(CF) = 8.2 Hz, ArCo), 130.66 (s; ArCp), 140.66 (dd,
1J(CP)= 29.1 Hz,2)(CF) = 10.5 Hz, ArCipso). 3P{*H} NMR (CD,-
Clp): 6 183.10 (d,XJ(PF)= 855.3 Hz) (ca. 86%).%F NMR (CDCk):
0 —208.44 (dd}J(FP)= 857.5 Hz,2J(FH) = 13.7 Hz). A sample of
(£)-1 after 16 h at 25C had the following®*P{H} NMR spectrum in
CD.Cl: 6 —13.182 (td,*J(PF) = 849.8 Hz,)J(PR = 979.6 Hz)
(2), —8.98 (s),—15.30 (s) [R*,R*)/(R*,S)-3].
[SP-4-4]-Chloro[(R)-1-[1-(dimethylamino)ethyl]-2-naphthalenyl-
C,N][(R)-fluorophenylisopropylphosphine]palladium(ll) (( R,Re)-5).
A solution of R)-4-CHxCl, (7.67 g, 10.0 mmol) in dichloromethane
(200 mL) was added over 5 min to a solution &f)¢1 (4.07 g of 86%
purity, 20.3 mmol) in the same solvent (100 mL). After the mixture

Hz, 3J(HH) = 7.2 Hz, 3 H, CHVley), 1.79 (d of sept.3J(HH) = 7.2
Hz, 2J(HP) = 0.6 Hz, 1 H, GiMey), 3.35 (d,3)(HP) = 13.2 Hz, 3 H,
OMe), 7.08-7.60 (m, 5 H, ArH). 3C{*H} NMR (C¢Ds, 75.43 MHz):
0 16.48 (d,2)(CP) = 17.6 Hz, CHMey), 17.34 (d,2J(CP) = 14.3 Hz,
CHMe,), 32.73 (d,%J(CP) = 12.1 Hz, GiMey), 57.01 (d,2J(CP) =
19.8 Hz, OMe), 128.30 (¢J(CP)= 6.6 Hz, ArCm), 129.30 (s, ArC-
p), 130.21 (d,2J(CP) = 20.8 Hz, ArCe), 141.83 (d,XJ(CP) = 27.4
Hz, ArC-ipsg). 3P{*H} NMR (CsDg): ¢ 133.28 (s). MS:m/e 182.1
amu [M*].
[SP-4-4]-Chloro[(R)-1-[1-(dimethylamino)ethyl]-2-naphthalenyl-
CN][(R)-methoxyphenylisopropylphosphine]palladium(ll) and [SP-
4-4]-Chloro[(R)-1-[1-(dimethylamino)ethyl]-2-naphthalenyl-C,N]-
[(S)-methoxyphenylisopropylphosphine]palladium(ll)—1-Toluene
((R,Rp)-8 and (R,Sp)-8-CeHsCH3). A solution of (+)-9 (4.89 g, 26.8
mmol) in dichloromethane (100 mL) was added to a solutionR)f (
4-CH,Cl, (10.01 g, 13.1 mmol) in the same solvent (350 mL). After
stirring of the mixture at room temperature for 1 h, the solvent was
removed in vacuo. Treatment of the residue with diethyl ether (300
mL) and concentration of the mixture to ca. 60 mL, afforded a colorless
solid, which was separated, washed with diethyl ethex (35 mL),
and dried in vacuo. (The mother liquor was reserved for the subsequent
isolation of the RS diastereomer.) The solid was dissolved in
dichloromethane (27 mL), and diethyl ether (100 mL) was added as a
top layer. After 8 h, additional diethyl ether (100 mL) was added, and
the mixture was stored over night at room temperature. Crystalline,
pale yellow R Rp)-8 deposited, which was separated and washed with
diethyl ether and dried in vacuo: mp 23C dec; yield 5.87 g (43%);

was stirred for 18 h the solvent was removed from the reaction mixture [a]ZDO —33.8 £ 1.00, CHCIly). Anal. Calcd for GsHs:CINOPPd: C,
in vacuo and the residue was dissolved in diethyl ether (400 mL). The 55.2: H, 6.0; Cl, 6.8; N, 2.7. Found: C, 55.2; H, 6.3; Cl, 6.9; N, 2.7.
solution was filtered and concentrated to ca. 60 mL, whereupon a 14 NMR (CD,Cl,): ¢ 0.87 (dd,3J(HP) = 14.4 Hz,3)(HH) = 7.5 Hz,
colorless microcrystalline solid precipitated. The crude product was 3 H, CHVe,), 1.60 (dd,3J(HP) = 18.6 Hz,3J(HH) = 9.0 Hz, 3 H,

washed with 25 mL of cold diethyl ether and dried in vacuo. The
mother liquor by concentration yielded additional product. Three
recrystallizations of the combined crude material from diethyl ether
gave the pure product as pale yellow prisms: mp 482yield 6.65 g
(64%); [@]® +35.2 ¢ 0.88, CHCl). Anal. Calcd for GaHag
CIFNPPd: C,54.1;H,5.5;Cl, 7.0; F, 3.7; N, 2.7. Found: C, 54.0; H,
5.6; Cl, 7.1; F, 3.5; N, 2.6.:H NMR (CDCl): 6 1.00 (dd 2J(HP) =
14.3 Hz,3)J(HH) = 7.1 Hz, 3 H, CHMe,), 1.68 (dd 2J(HP) = 20.3 Hz,
3J(HH) = 7.4 Hz, 3 H, CHMe,), 1.97 (d,3J(HH) = 6.3 Hz, 3 H, CHVIe),
2.58 (d,%J(HP) = 1.8 Hz, 3 H, NMe), 2.90 (d{J(HP) = 3.9 Hz, 3 H,
NMe), 2.92-3.06 (m, 1 H, GiIMey), 4.31 (d of quart.2J(HP) = 6.8
Hz, 3J(HH) = 6.3 Hz, 1 H, GiMe), 7.20-8.20 (m, 11 H, ArH). *C-
{*H} NMR (50.31 MHz, CDCJ): 6 14.95 (dd2J(CP)= 6.0 Hz,3)(CF)
= 3.1 Hz, CHVley), 18.27 (d,2)J(CP) = 4.2 Hz, CHVe), 23.64 (s;
CHMe), 34.28 (dd,2J(CP) = 28.5 Hz,2J(CF) = 12.5 Hz, CHMe),
47.66 (d,2J(CP)= 2.7 Hz, NMe), 50.93 (d3J(CP) = 3.3 Hz, NMe),
72.60 (d,2J(CP)= 3.5 Hz,CHMe), 123.09-148.94 (aromatics)3'P-
{H} NMR (CDCl): ¢ 185.14 (d,%J(PF) 927.8 Hz). *F NMR
(CDCLy): ¢ —185.08 (ddJ(FP) 927.8 Hz3J(FH) 24.4 Hz). MS (70
eV): 511.1 amu [M].

(9)-(—)sse-Fluorophenylisopropylphosphine (§)-(—)-1). A solu-
tion of (R*, S¥)-1,2-CsHa(PMePh) (6) (67.5 mg, 209.4mol) in benzene
(2 mL) was added to a stirred solution d®Rp)-5 (106.8 mg, 209.3
umol) in the same solvent (1 mL). The mixture was diluted im-
mediately with benzene (4 mL) and centrifuged to give a colorless
solution of ©-(—)-1, [a]® —210 € 0.59, GHg), and a sediment of

CHMey), 1.97 (d,3)(HH) = 6.3 Hz, 3 H, CHMe), 2.54 (d,*)(HP) =

1.8 Hz, 3 H, NCH)), 2.81 (septet?]J(HH) = 7.2 Hz, 1 H, GiMey),
2.89 (d,"J(HP) = 3.6 Hz, 3 H, NMe), 3.44 (J(HP)= 12.0 Hz, 3 H,
OMe), 4.32 (d of quart.3J(HH) = 4J(HP) = 6.0 Hz, 1 H, GiMe),
7.10-8.18 (m, 11 H, ArH). 13C{*H} NMR (CD,Cl,, 75.43 MHz): ¢
15.45 (d,2J(CP) = 4.4 Hz, CHVey), 19.58 (d,2J(CP) = 3.3 Hz,
CHMe,), 23.70 (sCHMe), 35.13 (d}J(CP)= 28.6 Hz,CHMey), 47.72

(s, NMe), 50.58 (d3J(CP)= 3.2 Hz, NMe), 58.71 (s, OMe), 72.62 (d,
3J(CP)= 2.2 Hz,CHMe), 123.53-149.99 (ArC). 3!P{1H} NMR (CD,-
Clp): 0 141.38 (s). FAB-MS:m/e522.9 amu [M]. The solvent was
removed from the original mother liquor in vacuo. Four recrystalli-
zations of the residue from a hot mixture of toluene (15 mL) and
n-hexane (100 mL) affordedR(Ss)-8-CsHsCHjs as pale yellow needles,
which were washed with-hexane and dried in vacuo: mp 89; yield
5.90 g (37%); §]3° —67.7 € 1.00, CHCl,). Anal. Calcd for GiHae-
CINOPPd: C, 60.6; H, 6.4; Cl, 5.8; N, 2.3. Found: C, 60.4; H, 6.6;
Cl, 5.5; N, 2.1. H NMR (CD.Clp): ¢ 0.92 (dd,3)J(HP) = 13.2 Hz,
3J(HH) = 6.9 Hz, 3 H, CHMe,), 1.14 (dd,3)(HP) = 20.7 Hz,2J(HH)

= 7.2 Hz, 3 H, CHVey), 1.98 (d,2J(HH) = 6.3 Hz, 3 H, CHVe), 2.33

(s, 3 H, PiMe), 2.58 (d,*J(HP) = 2.1 Hz, 3 H, NMe), 2.91 (J(HP)

= 3.6 Hz, 3 H, NMe), 3.34 (d of sepJ(HP) = 10.5 Hz,3J(HH) =

6.9 Hz, 1 H, GiMey), 4.05 (d,2J(HP) = 13.5 Hz, 3 H, OMe), 4.32 (d
of quart.,3J(HH) = 4J(HP) = 6.2 Hz, 1 H, GiMe), 6.82-7.74 (m, 11

H, ArH). ¥C{H} NMR (CD.Cl,, 75.43 MHz): 6 15.29 (d 2J(CP)=

5.5 Hz, CHVey), 16.54 (d2)(CP)= 7.7 Hz, CHVe,), 21.49 (s, PNe),
23.88 (sCHMe), 30.10 (d}J(CP)= 29.6 Hz,CHMe;), 47.81 (d 2J(CP)
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= 2.2 Hz NMe), 50.48 (d3J(CP) = 3.3 Hz, NMe), 57.73 (s, OC¥),
72.60 (d,3)(CP) = 3.3 Hz, CHMe), 123.55-151.13 (ArC). 31P{1H}
NMR (CD.Cly): ¢ 137.79 (s). FAB-MS:m/e 523.1 amu [M].
(R)-(+)sse-Methoxyphenylisopropylphosphine (R)-(+)-9). A so-
lution of (R,$)-8-CsHsCH;s (4.81 g, 7.8 mmol) in dichloromethane (35
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observed forR,Rp)-5, a decay correction of 2% was applied f&Re)-

8. Data were also corrected for absorption (transmission ranges: 0.86
0.91 for RRe)-5 and 0.782-0.841 for R Re)-8) and for Lorentz and
polarization effects. The structures were solved by heavy atom
Patterson methods and expanded using Fourier techriguébe

mL) was added dropwise at room temperature to a stirred solution of hydrogen atoms were included in calculated positiops{= 0.95 A,

dppe (3.43 g, 8.6 mmol) in the same solvent (40 mL). After 2 h,

with methyl hydrogen atoms being staggered with respect to adjacent

n-hexane (100 mL) was added and the reaction mixture was concen-groups) and not refined. The absolute configurations were assigned
trated to ca. 50 mL under reduced pressure. The mixture was filtered on the basis of the known configuration of tH{1-[1-(dimethylami-

and the solid was washed witikhexane (3x 10 mL). Removal of
solvent from the filtrate, followed by recondensation of the residue
into a trap at—78 °C at 7.5x 10°® mmHg, afforded R)-(+)-9 as a
colorless liquid: yield 0.82 g (57.5%)p]% +310 € 0.47, CHCl,)
(92% ee). Anal. Calcd for gH:s0P: C, 65.9; H, 8.3. Found: C,
66.3; H, 8.7. *H and3'P{*H} NMR: identical with those for £)-9.
Treatment of a solution ofR)-(+)-9 in CD.Cl, with (R)-4-CH,Cl,
afforded R,S)-8/(RRp)-8 = 96/4, as determined BYP{*H} spectros-
copy.

(S)-(—)sssMethoxyphenylisopropylphosphine (§)-(—)-9). The
isolation of this enantiomer fronR(Rs)-8 was carried out in the same
manner as that described for tH®{+) enantiomer, but with use of
(RRr)-8 (3.65 g, 7.0 mmol) and dppe (3.43 g, 8.6 mmol): yield 0.73
g (57.3%); ¥ —317 (¢ 0.60, CHCl,) (96% ee). Anal. Calcd for
CioH1:0P: C, 65.9; H, 8.3. Found: C, 65.8; H, 8.8 and3'P{*H}
NMR: identical with those for£)-9. Treatment of a solution of this
product in CDCI, with (R)-4-CH,Cl, afforded a mixture of R R)-8/
(RS)-8 = 98/2, as determined byP{*H} spectroscopy.

Treatment of (R,Rp)-5 with Sodium Methoxide. A solution of

no)ethyllnaphthaleri€ precursor and by analysis of pairs of Friedel
opposites. The maximum and minimum peaks in the final difference
Fourier map corresponded 60.37 and—0.46 e A3 for (RR5)-5 and

to +0.27 and—0.33 e A3 for (RRy)-8. All calculations for RRp)-5
were performed using teXsdh.For (R,Rp)-8, however, data reduction
was performed using Xt#l and for the refinement teXs&hwas
employed. Atomic scattering factors for neutral atoms were taken from
ref 25, and real and imaginary dispersion terms were taken from ref
26. Selected interatomic distances and angRBqf-5 and R R)-8

are given in Tables 2 and 3, respectively.

Supporting Information Available: For (RRp)-5 and R Rq)-8,
tables of bond distances and angles, atomic coordinates and equivalent
isotropic displacement parameters for non-hydrogen atoms, thermal
parameters for non-hydrogen atoms, calculated hydrogen atom param-
eters, least-squares planes, and selected torsion angles and ORTEP
diagrams showing complete nhumbering of non-hydrogen atoms. (36
pages). Ordering information is given in every current masthead page.

sodium methoxide (71 mg, 1.3 mmol) in methanol (5 mL) was added IC950897E

dropwise to a stirred solution oR(Rr)-5 (290 mg, 0.6 mmol) in benzene

(10 mL). The solvent was removed from the mixture. Flash chroma- (22) DIRDIF92. Beurskens, P. T.; Admiraal, G.; Beurskens, G. Bosman,

tography of the residue on silica with dichloromethane, followed by

removal of the solvent from the eluate under reduced pressure, afforded

a pale yellow solid. Thé'P{*H} NMR spectrum of the solid in CB
Cl; indicated R $)-8/(R,Rr)-8 = 5/1.

Crystal Structure Analyses. Crystal data forij,Rp)-5 and R Rq)-8
are given in Table 1. FoiRRr)-5 the data set was collected using
scans of (1.40+ 0.34 tan6)° with a scan speed of 20nin~. For
(R,Rp)-8 the data set was collected usimg-26 scans of (1.06+ 0.35
tan 0)° with a scan speed of 2.0nin~tin w. In both cases stationary

background counts were recorded on each side of every reflection. The

W. P.; Garcia-Granda, S.; Gould, R. O.; Smits, J. M. M.; Smykalla,
C. The DIRDIF program system, Technical Report of the Crystal-
lography Laboratory; University of Nijmegen: The Netherlands 1992.

(23) teXsan: Single Crystal Structure Analysis Software Version 1.6c.
Molecular Structure Corp.: The Woodlands, TX, 1994.

(24) Hall, S. R.; Flack, H. D.; Stewart, J. M. EdXTAL3.2 Reference
Manual Universities of Western Australia, Geneva, and Maryland:
Nedlands, Australia, Geneva, Switzerland, and College Park, MD,
1992.

(25) International Tables for X-ray CrystallographiKynoch Press: Bir-
mingham, England, 1974; Vol. IV, Table 2.2 A. (Present distributor:
Kluwer Academic Publishers, Dordrecht, The Netherlands)

intensities of three representative reflections were measured periodically.(26) International Tables for Crystallographluwer Academic Publish-

Whereas no significant decrease in intensity during data collection was

ers: Boston, MA, 1992; Vol. C, Table 2.2 A, Table 4.2.6.8.





