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The preparation of both diastereomeric derivatives of 3-(di- 
phenylphosphany1)pyrrolidine with chiral (tetrahydrofuran- 
2-y1)methyl and [ (N-neopentyl)~iyrrolidin-2-yl]methyl groups 
as substituents on the pyrrolidine nitrogen atom and of 
(2S,4S) - l-benzyl-4-(diphenylphosphanyl)-2-(methoxy- 
methy1)pyrrolidine is reported. [3S,P(RS)]-3-(phenylphos- 
phanyl)pyrrolidine, bearing an additional chiral center on 
phosphorus, is the starting material for the preparation of 
phosphancs, in which one phenyl group of the PPh2 moiety 
is substituted by an 2-methoxyphenyl (L An) or 2,4,6- 
trimethoxyphenyl (= TMP) group. PdIz complexes of these 
ligands were separated into diastereomers by chromatogra- 
phy on silica gel columns. The structural chemistry of these 
novel phosphane diastereomers and their PdIa complexes is 
investigated by X-ray crystallography and NMR. At the P,N- 

coordinated palladium center displacement of an iodide 
anion is found for P,N,N' ligands only. In the nickel complex 
catalysed cross-coupling reaction, yielding 3-phenyl- l-bu- 
tene, we obtain the highest enantioselectivities in the case 
of simple l-alkyl-3-(diphenylphosphanyl)pyrrolidine ligands. 
The enantioselectivity obtained with diastereomeric dcrivati- 
ves, bearing additional ether or amine ligating sites is mainly 
determined by the chiral center in 3-position of the 3-(phos- 
phany1)pyrrolidine part of these ligands. Optimisation of 
enantioselcctivity with these iigands can be carried out by a 
variation of the ligand to nickel ratio and by the choice of the 
vinyl halide used as starting compound. The catalytic cycle 
must contain at least one catalytically active species, bearing 
more than one 1kiminoalkylphosphane ligand. 

Carbon -carbon bond formation by cross-coupling of 
main group organometallics with carbon electrophiles cata- 
lysed by transition metal complexes is a valuable tool in 
organic chemistry"]. The cross-coupling of vinyl halides l a ,  
l b  with Grignard compound 2a preparcd from raccmic 1- 
chloro- 1-phenylethane yields 3-phenyl- 1 -butene (3)C2s31 (cf. 
Scheme 1). The generally accepted catalytic cycle of Grig- 
nard cross-coupling catalysid2] involves oxidative addition 
of a vinyl halide to a nickel(0) complex, transmetallation 
from the Grignard compound and reductive elimination of 
3-phcnyl-1 -butem (3) regenerating thc nickel(0) complcx. 
The cross-coupling reaction using achiral nickel monophos- 
phane (NILL,) coinplexes141 as catalysts has been investigated 
by Yamamotolsl. Thermodynamically more stable NiL2 
complexes with tmns-coordinated phosphane ligands have 
to be isoinerised by associative mechanisms to the cis com- 
plexes before reductive elimination can occur. This truns to 
cis isomerisation can be promoted by the coordination of 
l'urther phosphane ligands or by transmetallation steps. Re- 
ductive elimination from the resulting NIL-, complcx in 

which alkyl groups arc cis-oriented may also be induced by 
coordination of further phosphane ligandd51. 

In the asymmetric version of this cross-coupling reaction 
enantioselectioii can take place cither during reductive elim- 
ination or during transmetallation. The highest enantiose- 
lectivitics in this nickel catalysed reaction are achieved when 
nickel complexes bearing a P,N monophosphatie L* (Ni/L* 
= 1) are used"]. The X-ray structures of PdCI, coniplexes 
bearing one P,N phosphane hgand wcrc uscd as model 
compounds for mechanistic considerations, because NiCIL, 
complexes bearing only one P,N monophosphane ligand are 
not knownL6]. Wc rcported on the preparation of both en- 
antioniers of 3-(diphenylphosphanyl)pyrrolidine (4) and N-  
alkylated derivatives 5-71''. Nickel complexes of this new 
type of P-aminoalkylphosphanes were shown to be highly 
enantioselective catalysts; for example the complex bearing 
(59-5 is the most enantioselective nickel ca t ah t  ever re- 
portedIs1. 

Contrary to the achiral case all proposed mechanisms of 
asymmetric Grignard cross-coupling catalysis['0] try to ex- 
plain enantioselectivity with a nickel center bearing only 
one P.N monophosphanc. Our catalytic results with ligands 
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Scheme 1. Catalytic asymmetric cross-coupling of Grignard com- 
pound 2a with vinyl halides l a  or l b  yielding chiral 3- 
phenyl-1-butene (3); selectedIdl chiral phosphanes, rele- 
vant for this paper, are shown belowlb,c] 
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Id] Further phosphane diastereomers [(R,R)-S, (R,S)-9 (cf. Scheme 
2)] were used in catalysis. - Lb] The first stereochemical descriptor 
of diastereomeric phosphanes always describes the configuration at 
the secondary alkyl carbon atom bound to the phosphorus atom; 
the configuration of the phosphorus atom is described with an ex- 
tended descriptor e.g. (SP)L91. - ['] Compounds 12 and 13 were used 
as diastereomerically pure compounds in catalysis. 

5 , 6  of reduced enantiomeric purity showed asymmetric am- 
plification[8], depending on the ligand to nickel ratio. The 
explanation is the presence of diastereomeric species bear- 
ing at least two P,N phosphane ligands. In order to eluci- 
date the influence of additional functional groups on en- 
antioselection (cf. ref.["]) during the cross-coupling reaction 
all possible diastereomers of new 3-(phosphanyl)pyrrolidine 
ligands 8, 9 and 12, 13 and additionally the diastereomer- 
ically pure ligand (S,S)-lO (cf. Scheme 1) were prepared. 

Results and Discussion 
Synthesis of the Ligands and PdI, Complexes 

The conversions yielding diastereomerically pure N-alky- 
lated derivatives of 3-(diphenylphosphany1)pyrrolidine [(R)- 
41 are outlined in Scheme 2.  (R)-Tetrahydrofuran-2-car- 
boxyiic acid [(R)-14]['21 and (25')-1-teut-butoxycarbonyIpyr- 
rolidine-2-carboxylic acid [(s)-15][131 were activated with 
1,l'-carbonyl diimidazole (= CDI). Coupling of the re- 
sulting acyl imidazolides with (R)-4 afforded amides either 
(R,R)-16 or after further transformations (R,R)-17, which 

were reduced with LiAIH4 in THFL71 to the N-alkylated de- 
rivatives (R,R)-8 and (RJ9-9. With (9-4 as starting com- 
pounds the diastereomeric phosphanes (S,R)-8 and (S,S)-9 
were obtained. (R,R)-8 and (S,R)-S were converted to dia- 
stereomeric PdIz complexes (R,R)-8-Pd and (S,R)-S-Pd and 
purified as PdTz complexes by chromatography and crystal- 
lisation. 
Scheme 2. Synthesis of diastereomerically pure N-alk lated deriva- 

tives (R,R)-S, (R,S)-9, starting with (R)-42] 

Hoocc) H O  HOOC HQ 
BOC 

(a)- 14 (Sl-15 

/ (R,R)-16 

(R4-17 (RJ7-9 

(R,S)-18 

kdl Reactions and conditions used: (i) I,l'-Carbonyl diimidazole (= 
CDI), (R)-14 in THF then (R)-4. - (ii) LiA1H4 in THE - (iii) 
CDI, (q-15 in TIIF [hen (R)-4.  - (iv) Trifluoroacetic acid (= 
TFA) at 0°C yielding (R,S)-18. - (v) Schotten-Baumann acylation 
with pivaloyl chloride. 

CDI-induced coupling is not often used in peptide syn- 
thesis, because the carboxylic acids used are often partially 
racemised during the activation step[l41. (s)-15 is one 
known exception, because it can not form a (4H)-oxazol-5- 
one (a~lactone)['~1. We compared optical rotations of the 
(R)-14 starting material and of (R)-14, that was recovered 
from reaction mixtures. This revealed that there was no ra- 
cemisation of (R)-14 during the coupling reaction. By in- 
spection of 31P{1Hf-NMR spectra of 8, 9, and of 8-Pd 
samples no resonances of diastereomeric impurities could 
be detected. All compounds therefore have an diastereo- 
meric purity de > 98% ee. This result implies that (S)-4 and 
(Rj-4 starting materials both had at least 98% eeL7] and that 
compounds 8, 9, used in catalysis have at least 99% ee. 

(2S,4R)- 1 -(tert-Butoxycarbony1)-4-(hydroxy)-2-(hydroxy- 
methyljpyrrolidine (19), obtained in three steps (60% yield) 
from ~-hydroxyproline['~] was used as starting material for 
the synthesis of (2S,4s)- 1 -benzyl-4-(,diphenylphosphanyl)-Z 
(methoxymethy1)pyrrolidine [(S,S)-10] (cf. Scheme 3 ) .  The 
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Scheme 3. Synthesis of (S.S)-10 from L-hydroxyprolin[d.bl 

CH,OH CH20Ts CqOCH, 

(iii). b - B o c  
HO‘“ b - B o c  19 (ii) (i) b EEO.” d - B o c  2o (iv) HO..- 

21 

F%OCH, ,CH,OCH, 

( m - 2 2  (S,S)- 10 

La] Reactions and conditions used: (i) p-Toluenesulfonyl chloride (= 
TsCI) in pyridine at -25°C in analogy to ref.[’6]. - (ii) Ethyl vinyl 
ether and traces of trifluoro acetic acid (= TFA), cf. ref.L171. - (iii) 
NaOMe in DMSO. - (iv) Cf. ref.L7]. - (v) KPPhz in THF (cf. 
ref.’’]). ~ (vi) Benzoyl chloride, NEt?, then LiA1H4 in THE - Lh] 
EE [I’(RS]-1’-(Ethoxyethyl) acetal group. 

We tried the synthesis of [3S,P(RS)]-3-(phenylphosphan- 
y1)pyrrolidine [(S,RSp)-l 11 with the methanesulfonate ester 
of (3 R)- 1 -tert-butoxycarbony1-3-hydroxypyrrolidine [(I?)- 
23][’1 and potassium phenylphosphane as starting com- 
p o u n d ~ [ ~ ~ ] .  This SN2 substitution gave a mixture, containing 
two diastereomers that could not be crystallised. The en- 
antiomeric purity of the phosphanes was about 93% ee. An 
attempted SN2 substitution with potassium [(2’-methoxy- 
pheny1)phenylphosphanel gave only a 5% yield of 
[3S,P(RS)]-3-[(2’-methoxyphenyl)phenyIphosphanyl]pyr- 
rolidine [(S,RSp)-27; vide infra] of unknown enantiomeric 
purity. 

Reductive cleavage of one phenyl group in (35>-3-(di- 
phenylphosphany1)pyrrolidine [(S)-4] with lithium metal, 
accelerated by ultrasonic irradiation[2”] gave enantiomer- 
ically pure (S,RSp)-ll in high yield. This synthesis can, 
however, be done only with small portions of (S)-4 starting 
material (safety considerations). We used potassium naph- 
talene solutions in THF as a safer substitute for lithium 
metalhltrasonic irradiation in the reductive cleavage reac- 
tion of (9-4[211. Surprisingly [3S,P(RS)]-1 -phenyl-3-(phen- 
ylphosphany1)pyrrolidine [(S,RSp)-261 was obtained in 
nearly quantitative yicld instead of (S,RSp)-II. The elemen- 
tary analysis and all physical data [MS, IR, NMR] are in 
accord with the proposed structure of this compound 
(S,RSp)-26. This unprecedented reaction cannot be ex- 
tended to the analogous reaction with pyrrolidine and tri- 
phenylphosphane as starting materials. Mixtures of cleaved 
secondary phosphanes and tertiary dihydroarylpliosphanes 
(Birch products) are obtained in reactions of tertiary aryl- 
phosphanes with N d N H 3  solutions[22]. The protic solvent 
NH1 is able to trap radical anion intermediates yielding a 
dihydroarylphoshane instead of Ihc cleaved phosphane[221. 

synthesis of (2S.4R)-l-(krt-butoxycarbonyl)-4-hydroxy-2- 
(methoxymcthy1)pyrrolidine (21) started with a selective to- 
sylation of the primary alcohol group of diol 19, analogous 
to a procedure used by Achiwa[’b]. The secondary alcohol 
group was blocked as [l ’(I?S)]-( I ’-ethoxyethyl) acetal group 
(EE)1”], and a solution of product 20 in DMSO was added 
to a solution of NaOMe in DMSO. The acetal group was 
cleaved without cleavage of the tert-butoxycarbonyl 
group[’]. An “inverse” ether synthesis in DMSO. with so- 
dium [ 1 -(tert-butoxycarbony1)-4-( 1 ’-ethoxyethy1oxy)pyrroli- 
dine-2-methanolate] and Me1 as starting compounds did 
not work, because the sodium alkoxide i s  not stable and 
eliminates NaOtBu forming an bicyclic oxazolidinone“ *I. 
(2S,4S)- 1 -Benzyl-4-(diphenylphosphanyl)-2-(methoxyme- 
thy1)pyrrolidine [(S.S)-lO] was prepared from 21 analogous 
to the synthesis of (S)-4[’] and was purified as PdG complex 
[(S,S)-lO-Pd] by chromatography and crystallisation. 

Scheme 4. Synthesis of (S,RS,)-II from (R)-23[”1 (top), migration Based on the result that large amounts of 1.4- 
dihydronaphtalene (product of Birch reduction of potas- 
sium naphthalenide) were found in the synthesis of (S,RSp)- 
26 we propose that the proton on the secondary pyrrolidine 
nitrogen atom of (5‘)-4 is transferred to the naphthalenide 
radical anion, accompanying the migration of one phenyl 
group from the phosphorus to the nitrogen atom. 

of a phenyl group In (S)-4 yleldw (Ls,R&)-2h (bottom) 

D - B o c  (111) f i - H  

(,V4 
(IV) 

PhzP I (9- 24 
Ph,P 

k (S,RS,)-25 

(4 b D - P h  
Ph. 

P 
H (S,RS,)- 26 

Ph,P 
0- 4 

Ld] Keactions and conditions used: (i) First n-b~ityllithium, then 
methanesulfonyl chloride (MsC1) (cf. ref.[a). ~ (ii) KPPh2 in THF 
(cf. ref.”]). - (ni) Trifluoro acetic acid (= TFA). ~ (iv) Lithium in 
THF, ultrasound irradiation. - (v) KPHPh in THE - (vi) Potas- 
sium and naphthalene in THE 

[3S,P(RS)1- I -(tert-butoxycarbonyl)-3-(phenylphos- 
phany1)pyrrolidine [( S,RSp)-25] was obtained in an one-pot 
synthesis by an SN2 substitution with KPPh2, yielding (3s)- 
1 -( tert-butoxycarbonyl)-3-(diphenylphosphanyl)pyrrolidine 
[(S)-24, cf. ref171] and by subsequent reductive cleavage reac- 
tion of (5’)-24 with an potassium naphthalene solution. 
Twice the amount of potassium naphthalene compared to 
the synthesis of (S,RSp)-26 yielded an 9:l mixture of 
(S,RSp)-25 and (9-24 .  This reveals, that the reductive cleav- 
age reaction of (S)-24 is much more difficult compared to 
the migration reaction yielding (S,RSp)-26. We used a mix- 
ture of 90% (S,RSp)-I1. and 10% ( 9 - 4  as starting com- 
pound Tor the syntehsis of (S,RSp)-13 (cf. Scheme 5) .  The 
synthetic transformations converted the impurity ( 9 - 4  to 
the N-alkylated derivative ( 8 - 5  that could be easily sepa- 
rated as a PdI2 complex [(S)-5-Pd] from the diastereomeric 
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(S,SMp)-13-Pd and (S,R~,)-13-pd complexes during the 
chromatographic separation of these diastereomers 

Scheme 5 Synthesis of tertiary phos hanes (S,RSp)-12 and 
(S,RSp)-l3 from (S,RSp)-ll[ay(top), improved synthe- 
sis of l-(tcrt-butoxycarbonyl)-3,4-b1s[(2’,4’,6’-t~-~- 
methoxyphenyl)pheiiyIphosphanyl]pyrrol~dine (32)[”1 
(bottom) 

Ph.p 
I 

An (S,RS&- 12 

? 
Ph. Ph, 

P 
Ti& TMi 

pc 

P 

(S,RS,)- 30 (S,RS& 13 

TMFJ’P.,, 
p‘: 

H-P-. 
6% (4 D - B o c  

32 

Ph . 
31 TMP 

Laj Reactions and conditions used: ( i )  First potassium in THF then 
2-fluoro anisole (cf. ref.[*’]). - (ii) Benzoyl chloride, NEt;. - (iii) 
LiAlH4 in THE - (iv) 2 equiv. of benzoyl chloride, NEt,, then 
KOH in ethanol. - (v) First potassium in THF thcii Me3SiC1. - 
(vi) C,CI, in  dichloromethane (cf. ~ (2,4.6-Trimethoxy- 
pheny1)lithium in dieth 1 ether. ~ rb] Same rcactions and conditions 
used as in La]: cf. ref.[24yfor further discussion. 

PhXp B - B o c  then (vii) 

A 1:l mixture of both diastereomers of [3S,P(KS)]- 
3-[(2’-methoxyphenyl)phenylphosphanyl]pyrrolidine [ ( S ,  
RSp)-271 was obtained, using the reactioniz3] of 2-fluoroani- 
sole with a potassium phosphide solution [obtained with 
(S,RSp)-ll and metallic potassium in THF). [3S,P(RS)]-I - 
benzyl-3-[(2’-methoxyphenyl)phenylphosphanyl]pyrrolidme 
[(S,RSp)-12], obtained by benzoylation and LiAIH, re- 
duction was converted to the mixture of diastereomeric 
PdIz complexes (S,SMI,)-12-Pd and (S,RMp)-12-Pd, that was 
separated by chromatography. 

The synthetic strategy used for thc 5ynthesis of (S,RSp)- 
12 can not be extended to the synthesis of (S,RSp)-13 be- 
cause t-fluoro-2,4,6-trimethoxybenzene is not available. In 
a more general procedure, 1 -(tert-butoxycarbony1)-3,4-bis- 
(phenylphosphany1)pyrrolidine (31) was first treated with 
metallic potassium and with trimethylsilyl chloride and 
then with hexachloro ethanel’41. The P,P’-chlorinated dc- 
rivative of compound 31 was subsequently treated with 
2,4,6-trimethoxyphenyllithium in THF, yielding 28% of 1 - 
(trrt-butoxycarbonyl)-3,4-bis[(2’,4’,6’-trimethox~~phenyl)- 
phenylphosphanyl]pyrrolidine (32). This compound can 
now be prepared with an improved yield. The P,P’-chlori- 
iiated derivative of compound 31, dissolved in diethyl ether 
was added to 2.84 equivalents of solid 2,4,6-trimcthoxy- 

992 

phenylli thium, prepared by an improved procedure (cf Ex- 
perimental Section). Crude 32 was converted to the mixture 
of three diastereomeric PdIz complexes and w a s  purified 
and separated into diastere~mers[~‘I by chromatography 
(54% yield of pure separated Pd12 complexes). 

Possible starting materials for the synthesis of (S,RSp)-13 
were the amide compound (S,RSP)-28 and the tertiary 
amine compound (S,RS1,)-29. We treated (S,RSp)-ll with 
benzoyl chloride and then with KOH/ethanol in order to 
cleave the P- acyl bond of the P,N-benzoylated derivative, 
thus obtained. From the resulting mixture 20% of the 
(S,RSp)-ll starting material (cleavage at P and N) could be 
recovered with dilute acid. Pure amide compound (S’,RSI,)- 
28 was reduced with LiA1H4 to the N-benzyl derivative 
(S,RSp)-29. A shorter one-pot synthesis of (S-RSp)-29 was 
feasible when the P,N-benzoylated derivative of (S,RSp)-ll 
was directly treated with excess LiAIH,. The reductive 
cleavage reaction of (57-5 with potassiumlnaphtalene was, 
however, shown to yield no (S,  RSp)-29. 

(S,RSp)-13 was obtained by the reaction of the chloro- 
phosphane derivative of (S,RS1,)-29 with 1.35 equivalents 
of solid 2,4,6-trimcthoxyphenyllithium in diethyl ether. The 
crude phosphane product was converted to (S,RSMp)-13- 
Pd and this mixture of Pd12 complexes was purified and 
separated into diastereomers by chromatography and crys- 
tallisation. The final yield of pure diastereomeric com- 
plexes, calculated from (S,RS,,)-29 starting material was 
20% of each diastereomer. 

The reaction between the derivative of (S,RSp)-28, ob- 
tained by P-chlorination of this amide and 2,4,6-trimeth- 
oxyphenyllithium gave very small amounts of phosphane 
products, having no carbonyl vibration in the IR (film) 
spectrum. The phosphane mixture, containing two phos- 
phanes ( S,RSp)-30 as major components was converted to 
a mixture of PdT2 complcxes and one diastereomer could 
be crystallised and investigated by X-ray crystallography (cf. 
Scheme 2) .  This proved that the bcnmyl group in the P- 
chlorinated amide was cleaved by 2,4,6-trimethoxyphenylli- 
thium. Phenyl (2’,4‘,6‘-trimethoxyphenyl) ketone (A) and 
I ‘-chloro-2.4,6-trimethoxybenzene (B) were formed during 
the reaction, too. (A) is formed by addition of 2,4,6-tri- 
methoxyphenyllithium to the amide bond and subsequent 
acid catalysed hydrolytic cleavage of this adduct leaving 
(S,RSp)-30 as second product. (B) is formed from 2,4,6-tri- 
methoxyphenyllithium and chlorophosphane by metal hal- 
ogen exchange. Both reactions have also been found with 
the P,P‘-chlorinated derivative of compound 31 aiid aryl 
lithiums as starting compounds[25] and are a limit to the 
geiiei-a1 scope of this synthetic strategy. 

Structural Chemstriy of Ligands and I’d12 Complexes 
Ar an extension of our recentL7I study of the structural 

chemistry of PdI, complexes bearing 3-diphcnylphosphan- 
ylpyrrolidine ligands, the solid state structures of novel de- 
rivatives were determined by X-ray structural analysis (cf. 
Figures 1, 2). The correct absolute structure was assigned 
by means of the Flack parameter[26]. In the case of Pd12 
complexes bearing ligands with chiral centers at phos- 
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Figure 1. Molecular structure drawings of (R.R)-S-Pd (second moleculc in as mmetric unit not shown)P"], (S,R)-8-PdLbl, (S.S)-lO-Pd['l, 
(SJ)-9-Pd[dl; dpdO (cf. text); a l ,  o1 given as absolute values were defined in ref.$, the numbering scheme is coiisistent with the numbering 

scheme used in ref.L71 

(S,R)- 8-Pd 

La] Selected lengths [A] and angles ["I; mean values of the two moleculcs in asymmetric unit given: Pd-I( 1) 2.589(1), Pd -I(2) 2.682(5), 

N-C(7)-C(4) 101.7(6), a,  13.9(3), w, 93.4(10). - ( 1  Selected lengths [A] and angles ["I: Pd-l(1) 2.602(2). Pd-1(2) 2.712(2), Pd-(N) 

102.1(14). a1 20.1, wl 88.0. - ['I Selected lengths [A] and angles ["I: Pd-T(I) 2.592(2). Pd-I(2) 2.685(2), Pd-N 2.201(4), Pd-P 2.247(2), 
dpdo 4.08. I(I)-Pd-1(2) 90.44(4), N-Pd-P 84.32(11). P-Pd-I(1) 88.96(5), N-Pd-I(2) 96.92(11), N-C(7)-C(4) 101.4(3), a ,  9.0. wI 
90.7. - 1'1 Selected lengths [A] and angles ["I: Pd-I 2.549(2), Pd-Nl 2.056(8), Pd-N2 2.114(8), Pd-P 2.209(3); N(1)-Pd-P 84.7(3), 

Pd-N 2.171(8), Pd-P 2.248(5), 3.97(2); I(l~-I'd-I(2) 92.7(5), -N-Pd-P 84.1(2), P-Pd-I(l) 91.7(9), N-Pd-I(2) 93.3(2), 

2.181(11). Pd-P 2.243(4), dpdo 3.041 I(l)-Pd-I(2)~91.95(6), N-Pd-P 83.8(3). P-Pd-I(1) 92.50(10), N-Pd-I(2) 94.7(3), N-C(7)--C(4) 

N(l)-Pd-N(Z) 83.9(4), P-Pd--I 94.20(8). N(2)-Pd-I 86.7(3), N(2)-Pd-P 167.1(2), N(1)-Pd-I 175.8(2), N-C(7)-C(4) 98.5(38), 
~1 91.4. 

phorus (complexes 12-Pd and 13-Pd) the absolute configu- 
ration of one of both diastereomeric Pd12 complex was as- 
signed on the basis of an X-ray structural analysis (cf. Fig- 
ure 2). This necessary information could not be derived 
from NMR spc~troscopy[~~1. We always, find that the li- 
gands are bound via P and N forming a hetero-norbornane 
skeleton with bond lengths and angles that are consistent 
with our previously reported X-ray structures. Nevertheless 
we find two different conformations of the five-membcrcd 
P,Pd,N( 1 ),C(7),C(4) rings in our molecular struclures. The 
first conformation, found in X-ray structures of (S,R)%Pd, 
(R ,  R)-&Pd, (S,S)-9-Pd, (S,SMp)-30-Pd [and (R)-9a-1 in 
ref.[']] is close to an envelope conformation. The main dis- 
tortion is due to C(4), which is displaced -0.1 A away from 
the expected P,Pd,N,C(4) plane in an undistorted norbor- 
nane system. C(7) is displaced further away (0.8 A) from 
the P,Pd,N plane. In the second conformation, found in the 
scven other X-ray structures C(7) is displaced no more thau 
0.2 A further away than C(4) from the P,Pd,N plane. 

In reported X-ray structures of monocyclic PdCl- com- 
p l e ~ e s [ ~ ~ .  bearing chiral P-alkyl-fl-(dimethylamino)ethyl- 
phosphane ligands a conformation of the five membered 
P,Pd,N,C2 ring with the alkyl substituen t in equatorial posi- 
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tion is found. An increasing steric bulk of this equatorial 
substituent stabilises this conformation compared to the 
conformation with axial substituent[2R]. In our molecular 
structures the carbon substituent on the chiral center [C(4), 
a-position] is fixed in axial position. Comparing the most 
stable conformations of both types of palladium complexes, 
we reach the conclusion, that complexes with a (s)-con- 
figured carbon center in 0-position and our ligands with a 
(R)-configured carbon center in a-position [C(4)] both have 
the same sense of conformational chirality. Both yield (3s)- 
3-phenyl-1-butene [(S)-3] as major enantiomer in the cross- 
coupling reaction''1. In this reaction Pd complexes give the 
same predominant product configuration but chemical and 
optical yields are reduced compared to Ni 

For the investigation of structural aspects of PdIz coni- 
plcxes in solution "C('H}-NMR spectra were of major im- 
portance. They furnish clear evidence that P,N coordination 
is retained in solution[']. The solid state structures of PdIz 
complexes bearing ligands with ether ligating sites either as 
substituent on the pyrrolidine nitrogen atom (THF in 8- 
Pd), as substituent on the phosphorus atom (2-meth- 
oxyphenyl in 12-Pd or 2,4,6-triniethoxyphenyl in 13-Pd) or 
as methoxymethyl substituent on a pyrrolidine carbon atom 
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Figure 2. Molecular structure drawings of (S,SMp)-12-Pd['ll, (S,RMP)-12-Pd@], S,SMp)-30-Pd (second molecule in asymmetric unit not 
shown)[c], (K,SMp)-13-Pd [(S,KMP) enantiomer in asymmetric unit not shown]rdl: dpdO (cf. text); a,, o, given as absolute values were 

defined in rcf.Ii1, the numbering scheme is consistent with the nuinbering scheme used in rcf.L7] 

.C27 

['I Selected lengths [A] and angles ["I: Pd-I(1) 2.6016(13), Pd-I(2) 2.6837(14), Pd-N 2.173(4). Pd-P 2.2578(14). dpdo 5.194; 

Kh1 Selected lengths [A] and angles ["I: Pd-I(]) 2.5812(1 l), Pd-I(2) 2.6657(12), Pd-N 2.201(9), Pd-P 2.249(3), dpdo 5.058; l(l)-Pd-I(2) 
99.98(4), N-Pd-P 83.5(2), P-Pd-I(1) 91.96(8), N-Pd-1(2) 93.6(2), N-C(7)-C(4) 100.1(8), a ,  22.2, o1 93.9. - ['I Selected lengths 
[A] (mean values of the two molecules in asymmetric unit given) and angles ["I: Pd-I(1) 2.603(4). Pd-I(2) 2.660(4), Pd-W 2.08(4), Pd-P 

88.6(5), N-C(7)-C(4) lOl(2). 98(2), u, 9.0, 3.5, w1 83.7, 82.4. - Ldl Selected lengths [A] and angles ["I: Pd-l(1) 2.583(2), Pd-I(2) 

l(l)-Pd-I(2) 90.72Q(14), N-Pd-P 83.19(10), P-Pd--I(l) 94.5(3), N-Pd-I(2) 93.41(10); N--C(7)-C(4) 100.7(4), 13.7, 93.5. - 

2.246(6), dpdo 2.94(6); I(l)-Pd-1(2) 96.40(7), 94.09(6), N-Pd-P 82.7(5). 83.6(5). P-I'd -J(1) 91.88(14), 93.89(14). N-Pd- I(2) 89.4(5), 

2.6827(12), Pd-N 2.184(8), Pd-P 2.244(3). dpLIO 3.147; I(l)-Pd-I(2) 91.89(4), N-Pd-P S4.6(2), P-Pd-I(l) 89.65(7), N-Pd-I(2) 
93.5(2). N-C(7)-C(4) 102.0(8), ~1 20.7, 0 1  89.9. 

(10-Pd) all show the common feature, that long PdO dis- 
tances, designated &do in Figures 1 and 2 are found. Thcre 
is no secondary coordination of these ether ligating sites 
with palladium. In "C('H}-NMR solution spectra of this 
compounds the resonances of carbons of ether substituents 
are not shifted compared to 13C{'H)-NMR spectra of the 
corresponding ligands. In the same spectra we find reso- 
nances of pyrrolidine carbon atoms shifted downfield upon 
complexation to Pd12[71. 

The chemistry of the PdIz complex bearing ligand (S.,S')- 
9 is more complicated bccause the second nitrogen ligating 
site is able to displace an iodide anion forming a cationic 
P,N,N' bischelate complex [cf. Scheme 1, X-ray structure of 
the yellow crystalls of (S,S)-9-Pd]. The cationic Pd center 
has slightly shortened bonds to the bound iodine atom and 
the phosphorus and N(1) atoms but bond lengths aiid 
angles of the hetero-norbornane skeleton are not changed 
significantly. Chiral diamine ligands derived from L-proline 
(2-pyrrolidinemethylamine part as in 9) are often applied 
in enantioselective catalysis[30]. Corey and Harmon["] have 
done molecular modelling calculations on a lithium com- 
plex bearing a related N,N',O ligand, and report a confor- 
mation of the 2-pyrrolidinemethylamine N,N ' chelate ring 

that matches the conformation found in the X-ray structure 
analysis of (S,9-9-Pd exactly. 
Table 1. Comparison of3'P('H}-CP-MAS solid-state aiid 3LP{1H}- 
NMR solution data of Pdiz complexes; study at 298 K with a sam- 

ple rotation of 10 kHz 

Compound (5')-5-Pd (R,R)-S-Pd (S,S)-10-Pd (S,S)-9-Pd 

CP-MAS 6 =  48.4 54.1 38.9 43.6,45.7 
Solution 6 = 43.2 La1 42.5 La1 39.2 [a1 43.9,48.2[b] 

Half width (gauss 3 ppm[cl 3 ppm[Cl 1.5 ppm[Cl 3 ppm, 
A8 = 5.2 11.6 -0.3 -0.3, -2.5 

fit) 2.5 ppm [Cl 

In CD2C12. - LbI In [D6]acetone. -- LC1 Brukcr ASX 300 [7.05 T. 
121.49 MHz ('LP)][7]. 

"P('H)-NMR CP-MAS spectra at 298 K with a sample 
rotation of 10 KHz (cf. Table 1 and ref.L7]) of polycrystalline 
(S)-5-Pd, (X,R)-&Pd, (S,S)-10-Pd samples show different 
half-widths of CP-MAS singlet resonances and very dis- 
similar chemical shift differenccs A6 between solid-state CP- 
MAS and 3'P{1H}-NMR solution spectra[3']. The CP- 
MAS spectrum of a (S,S)-PPd sample, crystallised from 
an acetone solution, showed three singlet resonances. One 
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resonance at 6 = 39.9 was assigned to a Pd12-N,N'-dia- 
mine complex with the PPh2 group oxidised to an POPh2 
group. Elementary analysis, MS (FAB) and solution NMR 
studies re.&. 31P{'H)-NMR: 6 = 34.71 of a red sample, sep- 
arated by chromatography were in accord with the pro- 
posed structure. Furthermore, this chromatography gave 
samples containing different ratios of two other Pd com- 
plexes with (SJ9-9 as a ligand. A "P{'H)-NMR measure- 
ment with an ethanol solution, that was saturated with NaI 
revealed, that this solution contained only complex (A) [6 
= 43.91. A solution containing predominantly the second 
complex (B) [6 = 48.21 was obtained by chromatography 
with 80% ethanol/20% water. Solutions of samples contain- 
ing different ratios of (A) and (B) in acetone and ethanol 
reached their equilibrium concentrations after several days 
{acetone. [complex (A)]/[complex (B)] = 2: 1 (this ratio 
found also in the solid state CP-MAS sample); ethanol: 
[complex (A)]/[complex (B)] = 1: 1 1. We conclude that com- 
plex (B) is the ionic P,N,N'-coordinated complex, found in 
X-ray structural analysis. Depending on the solvent polarity 
and on iodide ion concentration this complex yields the P,N 
monochelate complex (A) [molecular structure analogous 
to. e.g. (R,R)-g-Pd] and very small amounts of N,N' mono- 
chelate complex. This second possibility is found only, be- 
cause air oxidation of the uncoordinated PPh2 group of the 
(S,S)-9 ligand shifts the equilibrium. 

The formation of a cationic (PdIL2)I [L = (9-51 chelate 
complex further revealed that an iodide anion can be dis- 
placed from palladium by a nitrogen ligating site. The prep- 
aration of this complex with PdI2[(S)-5I2 stoichiometry ini- 
tially gave a red solution ["PC'H} NMR (acetone): 6 = 
18.41 of a complex, with both ligands bound (q'-P). After 
evaporation of the solvent a yellow powder was obtained. 
that was sparingly soluble in CD2C14 only [solution "P{'H} 
NMR: 6 = 44.5, 48.6 (2  s)], A 31P{lH} CP-MAS spectrum 
of this powder gave two strongly shifted resonances [6 = 

53, 69; half-width = 3 ppm]. this data and IR, FIR spectra 
are in accord with a ci,r-(PdIL2)I ~ t ruc ture l~~l  of the yellow 
complex with one hgand bound (q'-P) and the second li- 
gand bound (q2-P,N). Jn the case of P-aminoalkylphos- 
phanes [as (9-51 as ligands the cleavage of the P.N chelate 
is known[331 to be a slow process. 

Grignard Cross-Coupling Reaction 
Catalytic runs (cf. Scheme 1)  and quantitative analysis of 

the thus obtained samples were performed under strictly 
controlled conditions, described in ref.['j. Compared to 
50-90% yield of 3-phenyl-I-butene (3), obtained in cata- 
lytic runs employing 1:l mixtures of NiC12 and ligands 5-7 
(cf. and vinyl chloride (la) the yield of 3 in catalytic 
runs employing the new nickel complexes, bearing ligands 
8 (R,S)-9, 10, 12. 13 were slightly decreased (50-80% 
range; cf Table 2) .  The catalyst with P,N,N' ligand (S,S)-9 
(cf. entries 9. I0 in Table 2) gave only a 20-400/0 yield, indi- 
cating some contribution of the second nitrogen ligating 
site. The quantitative analysis of the phenylethane contents 
of hydrolysed reactioii mixturcs revealed, that 4- 5.5 mmol 
of Grignard compound 2a was consumed by 5 mmol of 
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Table 2. Enantioselectivity of nickel P,N monophosphane catalysts 
in dietliyl ether; conditions: 5 mmol of vinyl chloride ( la)  and 6 

mmol of Cirignard compound 2a 

3 No of 
Entry Ligand(L) L i N i  Yield % ee In (RE) catalytic 

ratiola] ("/. ['I) (confign.) rUnS 

1 50-80  29(S) 
3/2 S O -  80 37(S )  
2 72,76 16(S) 

1 SO-80 lI(R) 
3/2 62 14(R) 
2 53.65 17(R) 

1 50-70  54(S) 
2 50- 70 67(S) 

1 20-40 67(R)  
2 20-40  72(R) 

4/5 60 12 (R) 
1 60 - 7 0  20(R) 

312 56 12(Q 
2 62 30(S) 
4 30 S 7 Q  

1 68,79 63 (R)  

2 64, 78 66(R) 

1 62, 82 55 (R) 

2 73,81 5 8 ( R )  

1 78 57(R) 
2 72 58(R) 

1 73 60(R) 
2 79 61 (R) 

1 70,6S 88.5 ( R )  
2 SO XS.O(R) 

1 50.82 71.S(R) 

-0.59 
-0.77 
-0.34 

0.22 
0.29 
0.35 

-1.2 
-1.6 

1.6 
1.8 

0.24 
0.40 

-0.24 
-0.60 
-1.30 

1.47 

1.58 

1.24 

1.36 

1.30 
1.32 

1.40 
1.44 

2.80 
2.75 

1.79 

2 79, 64 62.0 ( R )  1.45 27 ( ,97[dl  

SO pmol of NI. - th1 The yield is based on the amount of l a  
used. - Ligand of 93% ee. - L d J  Data from ref [*I, 5') 7 of 94% 
ee. - [el o[ln(R/q] = 0.2. - [q a[ln(R/h?] = 0.1. ~ L 1  i[ln(R/gI 
= 0.1s. 

vinyl chloride (la) in most cascs with the only exception of 
catalytic runs with (S,S)-9/NiCI2 catalyst (2-  3 mmol con- 
sumed). 2-5% of Grignard compound 2a was converted to 
styrene (p-elimination of coordinated 1 -phcnylethyl 
groups[8]) with nickel complexes of (S,S)-lO ligands as only 
exception (10% of styrene). At a (S,S)-lO to nickel of4  ratio 
(cf. entry 15) decreased quantities of 3-phenyl-1-butene (3) 
and styrene were formed. Nevertheless 5 mmol of Grignard 
compound 2a was consumed. (We are unable to detect 
homocoupling products in our enantioselective GLC analy- 
sis.) 

Catalytic runs (cf. Table 3) in which vinyl chloride (la) is 
replaced by vinyl bromide (lb) always consume more Grig- 
nard compound 2a, give larger amounts of styrene (4-8'X) 
and slightly higher yields of 3-phenyl-1-butene (3). There is 
no reactivity difference between nickel complexes bearing 
diastereomeric P,N,N' ligands (9) for vinyl bromide (lb) as 

99s 

4 
3 
2 

4 
1 
2 

4[e1 
4[e1 

3[fJ 
3 [d 

1 
2 
1 
3 
2 

2 

2 

2 

2 

1 
1 

1 
1 

2 
1 

2 
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Table 3. Enantloselectivity of nickel P,N monophosphane catalysts 
in dicthyl ether; conditions: 5 mmol of vinyl bromide ( lb )  and 6 

mmol of Grignard compound 2a 

3 No of 
Entry Ligand(L) L / N i  Yield Yoee In(R/S) catalytic 

ratio['] (9.6 ['I) (confign.) runs 

1 (R,R)-8 1 70-90  8(S) -0.17 2 
2 (R,R)-8 3/2 50,60  25 (S) -0.52 2 

3 (S,R)-8 1 7 0 - 9 0  4 (Rj 0.08 3 

4 (R,s)-9 1 5 0 - 6 0  15 (S) -0.3 3[el 

5 (S,S)-9 1 40 - 6 0  24(R) 0.5 3[fl 

6 (S,S)-lO 1 40.50 3(S) 0.06 2 
7 (S,S)-lO 2 30 29(S) -0.60 1 

8 (S,Rp)-12['] 1 68,79 58 (R)  1.33 3 

9 (S,Sp)-12rC1 1 86, 88 59 (R)  1.35 2 

10 ( s , R P ) - ~ ~  1 88 52(R) 1.15 1 

11 (S,SP)-13 1 89 55(R) 1.25 1 

At high (S,S)-lO to nickel ratios (S)-3 is thc predominating 
enantiomei- with both vinyl halides. 

The nickel complex bearing (51-5 [or (R)-5] is the most 
enantioselcclive catalyst of all investigated 3-(phosphanyl)- 
pyrrolidine ligands (cf. Scheme 1). All variations of this li- 
gatid tried in uitdysis irivariuhly clepressed the enantioselec- 
tivity. Variations are the substitution of the benzyl group at 
the pyrrolidine nitrogen atom by ethyl [(S)-7], (tetrahydro- 
furan-2-y1)methyl [(S,R)-8> (R,R)-8],  o r  [(N-neopenty1)pyr- 
rolidin-2-yl]mclhyl [(S,S)-9, (R,S)-9] groups. the substi- 
tution of one phenyl group of the diphenylphosphanyl moi- 
ety by 2-methoxyphenyl [(S,Rp)-l 2, (S,Sp)-12] or 2,4,6-tri- 
inethoxyphenyl [(S,Rp)-13, (S,Sp)-13] groups or the 
introduction of a methoxymethyl substituent at a carbon 
atom of the pyrrolidine ring [(S,S)-lO]. If these variation 
give diastereomeric ligands, all diastereomcrs are less cn- 
antioselective compared with (S)-5 [or (R)-51. 
Table 4. Chiral cooperativity effects" '1 in Grignard cross-coupling 

catalysis with nickel P.N monophosphane catalysts 

12 i.o-s[dJ 1 98 74.5 (Rj  1.92 1 Entry Ligand (J,) L/Ni In (I?/.!?) A[ln (RIS)] A[ln (RIS)] 
_ I  \-I - 

ratio Change to (S,R) Change to (R,S) 
Diastereorner[al Diastereomer'bl 

13 (s)-71d] I 82, 99 68.0 ( R )  1.66 2 

LA] SO p o l  of Ni. - Lh] The yield i b  b a d  on the amounl of l a  
used. - Lcl Ligand of 93% ee. - cd] Data from ref.[']], (S)-7 of 94% 
ee. - ~[ln(RiS)] = 0.15. - It] o[ln(R/S)] = 0.1. 

starting compound. Catalytic runs with a nickel complex of 
(S,S)-10, however, gave lower yield of 3-phenyl-1-butene (3) 
with vinyl bromide (lb) instead of vinyl chloride (la) (again 
10% of styrene found). 

We conclude that additional functional groups have only 
a small influence on reactivity. Exceptionc found for nickel 
complexes with P,N,N' ligands (9) and with ligand (S,S)-lO 
arc dependant on the choice of vinyl halide. 

We use ln(RIS) balues as enantioselectivity scale (cf. 
rcr.rxl). Repeated catalytic runs with a constant set of para- 
meters reproduce with absolute standard deviations o[ln( RI 
S)] < 0.05. Repeated catalytic runs with nickel complexes 
bearing diastereomeric P,N,N' ligands (cr rable 2, 3) have 
a increased absolute standard deviation {o[ln( RI.91 = 
0.15). This might be caused by a greater manifold of coor- 
dination modes of this ligand [cf. discussion of the struc- 
tural chemistry of (S,S)-PPd]. Catalytic runs with nickel 
complexes bearing either PNO ligands 8 or P,N,N' ligdnds 
9 exhibit a large enantioselectivity difference { A[ln(R/S)] r= 

1; Table 2) in the case or vinyl chloride (la) as starting 
compound. This difference is absent when vinyl bromide 
(lb) is used (Table 3). Catalytic runs with ligands 8, 9, 12, 
and 13 give improved enantiosclectivities in the case of vinyl 
chloride (la) as starting compound (cf. ref.rXJ). In the case 
of (S.A')-lO as ligand the prcdominating product configur- 
ation is dependant both on the choice of vinyl halide and 
on the (S,S)-10 to nickel ratio (cf. later discussion). At low 
(S.9-10 to nickel ratios and with vinyl chloride (la) as a 
starting compound (3R)-3-phenyl-l -butene [( R)-3] is inainly 
formed, the other eiiantiomer (59-3 is, however, mainly 
formed with vinyl bromide ( lb)  as a starting compound. 

1 (S,S)-8 I 0.59 -0.37 -0.81 

2 (S,s)-8 312 0.77 -0.48 -1.06 

3 (S,s)-8 2 0.34 0.01 -0.69 

4 (S,S)-9 I 1.6 -0.4 -2.8 

5 (S.9-9 2 1.8 -0.6 -3.4 

6 (S,Spj-12 1 1.24 0.23 -2.71 

7 (S,Spj-12 2 1.36 0.22 -2.94 

8 (S,Spj-13 1 1.40 -0.10 -2.70 

9 (S,Sp)-13 2 1.44 -0.12 -2.76 

Val Change to [he diastereomer with contiguration inside the pyrroli- 
dine ring retained. - Lhl Change to the diastereomer with different 
configuration inside the pyrrolidine ring. 

All phosphane ligands, used in this study have a common 
chiral center in the 0-aminoethylphosphane (called P,N) 
part and a second chiral center. coiinected with the ad- 
ditional functional group"']. On the basis of catalytic re- 
sults with vinyl chloride (la) as starting compound, we find 
(cf. Table 4), that enantioselectivity is mainly determined by 
the 8 N part with minor contributions to enantioselectivity 
of thc second chiral center. connected with the additional 
functional group. In most cases [ligands 8, 9, and 13 but 
not 121 increased enantioselectivity is obtained, when both 
chiral centers have (S)- or (R)-configuration and decreased 
in ligands with different configuration [(S,R) or (R,S)]. 
These relativc contributions of the two ditt'crent chiral ccn- 
ters to enantioselectivity depend on the ligand to nickel ra- 
tio. 

Different ligand to nickel ratios influence enantioselecti- 
vity, obtained with nickel complexes of diastereomeric li- 
gands 8, 9 and 12. 13. A dependence of enantioselectivity 
on ligand to nickel ratios is already known for monophos- 
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[a] Data for (S,S)-8 [enantiomer of (R,R)-8] plotted. 

phane-catalysed addition of CO to bis[p-mcthyl-(l,3-di- 
methyl-q'-allyl)nickcl] yielding 3-methyl-4-hexen-2-0ne[~~]. 
With 8, 9 and 12, 13 as ligands higher enanlioselcctivitics 
are obtained at a hgand-to-nickel ratio of 2 than for a li- 
gand-to-nickel ratio of 1, with the exception of the nickel 
complex, bearing (R,R)-8.  This complex is most enantiose- 
lective at an (R.R)-8 to nickel ratio of 3:2 (cf. Figure 3). 
The Ni complexes of (S,S)-10 (cf. Figure 3; enantiomer- 
ically pure ligaiid) even give ln(RIg values of different sign, 
depending on ligand to nickel ratios. This relationship be- 
tween (R,R)-8 or ( S , S ) - l O  to nickel ratios and enantioselec- 
tivity can only be explained with at least two catalyticnlly 
aclive species. hewing dgfirent numhef;s of phvsphane li- 
gands. For example, a Ni complex, bearing one (S,S)-lO li- 
gand, assumed to be the singular catalytically active species, 
which determines enantioselectivity, can not yield either 
(S)-3 or (R)-3 as major enantiomer. There must be ad- 
ditionally at least one catalytically active species in the cata- 
lytic cycle, bearing more than one (S,S?-lO ligand. 

We conclude, that optimisation of enantioselectivity in 
Grignard cross-coupling reactions with P,N monposphane 
ligands can be carricd out by a variation of the ligand to- 
nickel ratio and additionally by the proper choice of the 
vinyl halide used as starting compound. All variations of 
simple l-alky1-3-(diphenylphosphanyl)pyrrolidine ligands 
by additional functional groups did not improve enantiose- 
lect ivi t y. 

Wc thank Dr 7%. Sclincller. Tiibingen for CP-MAS measure- 
ments. Na2PdC1, was a generous gift from Degussci AG. We arc 
grateful to the E~i,lk,siwgt.ii Stiftinng and the Dzutsclir For.srl7rmgsge- 
mrin.rclzu/t for financial suppoi-1. 

Experimental Section 
A description of equipment and conditions used for cleincntary 

analysis, pnlarimetry, mass spectra, IR spectra, and NMR spectra 
('H-NMK, I3C/ 'HJ-NMR, "P{'HJ-NMR. and 3LP('H) solid- 
state NMK spectra) has been given in The numbering 
schcnics of carbon atoms relevant for 'H-NMR, "C{'H',-NMR 
spectra are defined in connection with the physical data of Pdlz 
complexes (S,R)-8-Pd, (R,R)-8-Pd, and (S,S)-lO-Pd (cf. Figures 1 
and 2 for the X-ray numbering schcnics). Most '3C',LH)-NMR 
spectra were measured with the DEPT-135 technique[35]. Ad- 
ditional standard "C{ 'HJ-NMR spectra of aniide products were 

alialyscd in order to obtain resonances of CO (amide) carbon 
atoms. - Abbreviations: An = 2'-metlioxpphenyl and TMP = 
2'.4'.6'-trimcthoxyplienyl. The separation of diastercomeric Pdl, 
complexes was carried out with preparative column chromatogra- 
phy on a 1-ni (3.3 cni diameter) silica-gel column. The silica gel 
used was a 15-25 p i  (diameter) fraction of 6OH silica gel (Merck). 
The column was pretreated with ethanoU5% H,O/O.S'%, Nal and 
acetonei3'X) H2010.3%~ NaT. Then the coiuinn was washed with the 
solvent mixture, appropriate for the separation. Rr valucs given 
were determincd on TLC (60H; Merck) plates without any pre- 
treatment. No detector was necessary. because the fractions coii- 
laining Pd12 complexes arc red. 

All solvents were dried by standard methods. purified by distil- 
lation and kept under argon. All manipulations involving phos- 
phanes (standard Schlenk technique) and moisture-sensitive com- 
pounds were conducted under dry argon. The starting materials 
for phosphane synthesis were prepared according to published pro- 
cedures: Phenylph~shane[~~]]. - (2R)-l-(tert-Butoxycarbonyl)-3- 
hydroxypyrrolidine [(R)-23][']. - Both eiiantiomcrs of 3-(diphenyl- 
phosphany1)pyrrolidine (4)L71. - (R)-Tetrahydrofuran-2-carboxylic 
acid [(R)-I4]['*]; on the basis of a specific rotation measurement [he 
compound obtained corresponds to (R)-14 of 95% ee["I. - (2s)- 
1 -tert-Butoxycarbonylpyrrolidine-2-carboxylic acid [(S)-lS]['31. - 
(2S,4R)- 1 -(t~ut-Butoxycarbonyl)-4-h~droxy-2-(hydroxymethyl)pyr- 
rolidiiie (19)rI51. All pi-occdures and starting materials used in ca- 
talysis were the same as in ref.[6]. 

(3R,Z'R) -3- (Diphrn?,lpho~pphan~l) -1 -[ !tetral~~,~r.ii-ojurun-?'-yl) - 

cavho~i~i,l]p~rroli~tine [(R, R)-l6] ~ i i i r l  Diustei-eornerir (S. R)-16 wi[h 
(332' R) G/n/&puulion: To a solution of (R)-14-imidazolide, pre- 
pared from (R)-tetrahydrofuran-2-carboxylic acid [(R)-141 (2.15 g, 
18.5 mmol) and 1,l'-carbonyl diimidazole (3 g, 18.5 ininol) at O T ,  
a solution of one enantiomer of 3-(diphenylphosphanyl)pyrroLidine 
(4) (4.1 g, 16 mmol) in 50 in1 of THF was added. Experimental 
details and workup for this CDI coupling were given in rcf.L7]. 

(S.R)-16: Yield 5.2 g 192% calcd. from 16 mmol of (S)-4]. - MS 
(FD); udz: 352.9 [M+]. - IR (film): P = 3070, 3051. 2971, 2947, 
2869 cm-l (C-H). 1652 (CO), 1480 (C=C, C-N). 1434, 1334, 

NMR (CDC13. 400.13 MHz): 6 = 1.76, 1.94, 2.10 (3 m, 6H, 3'-H. 
4'-H, 4-H), 2.77. 2.88 (2 m: lH,  3-H), 3.28. 3.37, 3.57, 3.75, 3.87 
(5 m, 6H. 2-H, 5-H, 5'-H), 4.32, 4.39 (2 in: lH,  2'-H), 7.26, 7.38 
[2 m, 10H, CH (Ph)]. - '3C{'F-T) NMR[-3sl (CDC13, 100.62 MHz): 
F = 22.7, 25.6 (2 s, C-4'), 28.2, 28.4 (2 d, '.J(,,, = 18 Hz, C-4), 30.4, 
30.6 (2 s, C-3'), 34.4, 36.8 (2 d, 'JCp = 10 Hz. C-3), 46.2. 46.3 (2 
d, 3Jc,p = 8 Hz; C-5). 49.8, 49.9 (2 d, 'JLP = 18 Hz, 'Jcp = 19 Hz, 
C-2), 69.0 (2 s, C-5'), 76.9, 77.0 (2 s, C-2'). 128.8. 129.3 [2 ni, CH 
(Ph)], 133.3 [m, CH (Ph)], 170.5 (s. CO, standard "C('H} NMR). 

= -101.5 [c = 0.55, diethyl ether; (S,R)-16 with de > 98%. ee > 
YY'Yo]. - C21H24N02P (352.9): calcd. C 71.37, H 6.85, N 3.96; 
found C 71.13, H 7.10, N 3.92. 

1182, 1093, 1060 (C-P. C-N, C--C, C-0), 744, 698 (Ph). - 'H 

- ' "Pi 'HJ NMR (CDCI?, 32.34 MHL): 6 = -8.9, -9.9. - [~1]2 

(R,R)-16: Yield 4.7 g [83% calcd. from 16 mmol of (R)-4]. - MS 
(FD), IR (film): cf. (S,R)-16. ~ 'H NMR (CDCl3, 400.13 MHz): 
6 = 1.76, 1.92. 2.06 (3 m, 6H, 3'-H. 4'-H, 4-H), 2.75. 2.92 (2 m, 
IH, 3-H), 3.28. 3.37, 3.66, 3.75, 3.87 (5  m. 6H, 2-H. 5-H, 5'-H). 
4.34, 4.40 (2 in. IH. 2'-H), 7.26, 7.38 [2 In; 10H, CH (Ph)]. - 
"C{'H) NMRL3'1 (CDCI3, 100.62 MHz): 6 = 25.9, 26.0 (2 s, C- 
47, 28.6, 28.7 (2 d, 2Jcp = 18 Hz. C-4), 30.8, 31.0 (2 s, C-3'). 34.8. 
36.9 (2 d. 'Jcp = 9 Hz, C-3), 46.4 (d, 'Jcp = 8 Hz, C-5), 50.2 (d. 

129.3 [2 m, C H  (Ph)], 133.3 [m, CH (Ph)], 170.5 (Y, CO, standard 
'Jr-p = 27 Hz, C-2), 69.3 (s, C-5'). 76.9, 77.1 (2 S, C-2'), 128.8, 

''C{'H} NMR). - "P{'H} NMR (CDCI,, 32.34 MHz): 6 = -9.0: 
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-9.5. - "1% = -7.23 [c = 2.2, diethyl ethcr; (R,R)-16 with de > 
98%, ee > 99%]. 

Recluetion of (R. R)- 16 to (3R, 2'R) -3- (Diphenylpliosphanyl,) -1- 
((tetru~ydrofuran-2'-~l)~netli~~l~p~rrolidine [(R,R)-81 and o j   he 
(S,R)-16 Diastereomer to (S,R)-8 with f3S,2'R) Coq7gurution: The 
samples of (R,R)-16, (S,R)-16 previously obtained were reacted 
with 0.77 g (20 mmol) LiAIH, in THE Experimental details and 
workup were given in ref.L71. 

(S,R)-8: Yield 4.5 g [91% calcd. from 14.7 mmol of (S,R)-16]. - 
MS (70 eV); m/z (%): 339.1 (5) [Mf], 255.1 (5 )  [ M '  - CH2THF], 
185.0 (100) [Ph?PH], 153.1 (35) [M+ - Ph,PH]. - IR (film): P = 

3071, 3052. 3001, 2961, 2865. 2798 em-' (C-H), 1480 (C=C, 
C-N), 1435. 1270. 1250. 1198, 1158, 1118, 1093. 1069, 1027 (C-P, 

MHz): F = 1.38, 1.72, 1.85. 1.96 (4 m, 6H, 3'-H, 4'-H, 4-H), 2.33, 
2.52 (2 m, 4H, 2-H, 5-H), 2.87 (m, 3H, 3-H, 1'-H), 3.5Y, 3.71 (2 
in, 2H. 5'-H), 3.86 (m, IH, 2'-H). 7.16, 7.35 [2 m, 10H. CH (Ph)]. 

C-N. C-C, C-0), 746, 697 (Ph). - ' H  NMR (CDC13, 400.13 

- '3C{lH) NMR (CDCI,, 100.62 MHz): 6 = 29.1 (d, 'Jc~,p = 18 
Hz, C-4), 33.8 (d, 'Jcp = 8 Hz, C-3), 54.3 (d, 3J,-p 1 5 Hz, C-5). 
59.3 (d, 'Jcp = 23 Hz, C-2). 60.8 (s, C-l'), 77.6 (s, C-2'). 30.1 (s, 
C-3'), 25.5 (s, C-4'). 67.9 (s, C-5'), 128.3 [d: 3Jcp = 6 Hz, CH (nzetu 
Ph)], 128.9 [d, ,Jcp = 5 Hz, CH (para Ph)], 132.9. 133.1 [2 d, 'Jcp 

= 18 Hz, CH (ortho Ph)]. - 31P{1H} NMR (CDC13, 101.26 MHz): 
6 = -4.57. - [a]g = -8.46 (c = 0.79. dichloromethane). - 
Cz1H2(,NOP (339.4): calcd. C 74.31, I3 7.72, N4.13; found C 74.01, 
H 7.62. N 4.09. 

JR,R)-S: Yield 4.15 g [92% calcd from 13.3 inmol of (R,R)-16]. 
- MS (70 eV), IR (film): cf. (S,R)-8. - 'H NMR (CDCL,, 400.13 
MHz): 6 = 1.38, 1.71, 1.84, 1.96 (4 m, 6H, 3'-H, 4'-H, 4-H), 2.21, 
2.40, 2.47 (3 m, 4H, 2-H, 5-H), 2.88 (m, 3H, 3-H, 1'-H), 3.60, 3.73 
(2 m, 2H, 5'-H). 3.84 (in, IH, 2'-H). 7.16, 7.35 [2 m. IOH, CH 
(Ph)]. - l3C{'H) NMR (CDCIj, 100.62 MHz): 6 = 29.0 (d, 'Jcp 
- 18 Hz, C-4), 33.9 (d. 'Jcp = 8 Hz, C-3), 55.2 (d, 3Jcp 5 Hz, 
C-5), 58.6 (d. 'Jcp = 17 Hz, C-2), 60.8 (s, C-l'), 77.7 (s, C-2'). 30.1 
(s, C-3'). 25.4 (s, C-4'), 67.9 (s, C-5'), 128.6 [2 d, 3Jcp = 7 Hz, CH 

- 

(meta Ph)], 128.3 [d, 'JCp = 5 Hz, CH (ynru Ph)], 132.9. 133.1 [2 

MHz): 6 = -4.59. - [a13 = 2.84 (c  = 0.56, dichloromethane). - 
C,, H,,NOP (339.4): calcd. C 74.31, €1 7.72, N 4.13; f h n d  C 74.15, 
H 7.42. N 4.18. 

(3R,2'Sj -3- (Diplzenylphosphnnylj -1 -((pyrrolidin-2'-yl) curb- 
onyl]pyrrolidine (( R,S)-18] an Diustercomeric ((S,S)-18/ with 
(3$2'S)-Lot~i~urat ion:  To a solution of (2S)-l-tcrt-butoxycarbon- 
ylpyrrolidine-2-carboxylic acid [(S)-15] (1.51 g, 7.0 mmol) in 40 ml 
of THF at 0°C; 1,l'-carbonyl diimidazole (1.45 g, 7.0 mmol) was 
added in several small portions. The mixture was stirred I h and 
then a solution of one enantiomer of 3-diphenylphosphanylpyrroli- 
dine (4) (1.5 g. 5.Y mmol) in 50 ml oP THF was added and the 
mixture was stirred overnight. THF was evaporated and the oily 
residue was treated with 30 in1 of trifluoroacetic acid (TFA) at 0°C 
until it was dissolved. Then TFA was evaporated immediately in 
vacuo and 100 ml of 10% aqueous KOH solution was added. The 
product was extracted with three portions diethyl ether (3 X 50 ml) 
and the collectcd diethyl ether phases were stirred overnight with 
100 ml of aqueous saturated citric acid solution. The diethyl ether 
phase was separated and the aqueous phase was extracted twice 
with further diethyl ether (2 X 50 ml). Then 200 in1 of 40% aqueous 
KOH solution was added to the aqueous phase and the product 
was extracted with four portions diethyl ether (4 X 50 i d ) .  The 
collected diethyl ethcr phases were filtered through Celile covered 
with MgS04. The oily product obtained by evaporation of diethyl 
ethcr was dried in vacuo. 

d: ,JCp = 18 Hz, CH ( ~ ~ t h  Ph)]. - "P{'H} NMR (CDC13, 101.26 

(R,g-18: Yield 1.45 g [70% calcd. from (R)-41. - MS (70 eV); 
in/= ([Yn): 352.2 (20) [M+]. 283.1 (60) [M+ - C4H7NH], 254.2 (80) 
[M' - COC4H7NH], 186.8 (100) [Ph'PH]. - 1R (film): C = 3300 
cm-' (N-H), 3071, 3049, 2961, 2955, 2868 (C-H), 1641 (CO), 
1494, 1480 (C=C, C-N). 1444, 1274. 1250, 1148. 1030 (C-P, 
C-N, C -C), 750, 738, 700, 697 (Ph). - 'H NMR (CDCI3,400.13 
MHz): 6 = 1.68, 1.96 (2 m, 6H, 4-H, 3'-H, 4'-H), 2.59 (s, lH,  NH), 
2.74. 3.09, 3.34 ( 3  m, 5H: 2-H1, 5-H1, 5'-H, 3-H), 3.64 (m, 3H, 2- 
H2. 5-H2, 2'-H), 7.26, 7.39 12 m, IOH. CH (Ph)]. - 13C{lH} 
NMRr3'"l (CDC13. 100.62 MHz): 6 == 25.9, 26.0 (2 s, C-4'). 27.9 (d, 
2 J ~ p  = 19 Hz, C-4), 29.8 (2 s, C-3'). 34.2, 36.1 (2 d, I J C p  = 9 Hz, 
' J C p  = 10 Hz, C-3), 45.5, 45.7 (2 d, 3Jcp = 8 Hz, C-5), 47.2 (2 s, 

C-2'1, 128.8, 129.3 [2 m, CH (Ph)], 133.3 [m, CH (Ph)], 171.2 (s, 
CO, standard "C{lHJ NMR). - 31P{1Hf NMR (CDCI?, 32.39 
MHz): 6 = -7.3, -9.2. - C2iH25NZOP (352.4): calcd. C 71.57 H, 
7.15 N, 7.95; found C 70.92, H 7.05, N 9.69 (imidazole impurities). 

(S,J')-18: Yield 1.49 g [71'K calcd. from (q-41. - 3'P{ 'H} NMR 

13 R.2'S) -3- (Di11ken,l.lpho.~phunyl~-I- ([ ( I ' -p i~~a loy l )p~~~vo l id in -  
2'-~l]eurhon~~ljpyrrolidine (R,S)- 17 and Diustereomeric (S,S)- 17 
with (3S,2'S) Con-figuration: To 80 ml of a diethyl ether solution 
containing 1.4 g (4 mmol) of (R.9-18 or (S,q-18, 100 ml of 2 N 

KOH was added. Then 0.12 ml of pivaloyl chloride (6 mmol) was 
added by syringe a t  0OC. The mixture was stirred for 3 d and the 
diethyl ether phase was separated. The aqueous phase was further 
extracted twice with diethyl ether and the collected diethyl ether 
phases were washed with 20 ml of 2 N HCI. They were filtered 
through Celite covered with MgS04 and the solvent was evaporatcd 
in vacuo. The oily product was dried in vacuo. 

(R,q-l7: Yield 1.6 g [90% calcd. from 4 mmol of (R,.S)-18]. - 
MS (70 eV); m/z (YO): 436.2 (2) [MA]: 379.1 (5) [Mt - CdHg], 351.2 

C- j ' ) ,  49.1, 49.5 (2 d, 'Jcp = 20 Hz, 2Jcp = 27 Hz. C-2), 59.1 (s, 

(CDCl;, 32.39 MHz): 6 = -7.2, -7.8. 

( 5 )  [M+ - COCdHg], 283.1 (20) [M+ - C,H,NCOCdHg], 254.2 
(20) [MI - COC4H7NCOC4H9l9 186.8 (100) [Ph,PH], 85.0 (70) 
[MI - COC4H9]. - IR (film): P = 3047, 2961, 2939, 2864. 2848 
cni- (C-H), 1647, 1615 (CO), 1479 (C=C, C-N). 1436, 1412, 
1384. 1250, 1148, 1030 (C-P, C-N, C-C), 753, 705 (Ph). - 'H 
NMR (CDC13, 400.13 MHz): 6 = 1.15 [s, 9H, COC(CH,),], 1.61, 
2.02 (2 ni, 6H, 4-H, 3'-H, 4'-H), 2.81, 3.18. 3.48, 3.64 (4 m, 7H, 2- 
H, 5-H, 3-H, 5'-H), 4.49 (m. IH, 2'-H); 7.23; 7.34 [2 m, 10H, CH 

(2 s, C-4'), 26.6 [s, COC(C'H,),], 28.9 (d, zJc.p = 18 Hz, C-4), 30.9, 
31.2 (2 s, C-3'). 35.7, 36.7 (d, lJcP = 9 Hz, C-3), 38.9 [s, 
COC(CH,),], 46.3, 46.8 (2 d, 3Jcp = 7 Hz. 3JC.p = 9 Hz, C-5), 48.6 

[2 m, CH (Ph)], 133.3 [m, CH (Ph)], 171.2, 176.8 (2 s. CO, standard 

-7.33. -9.34. - C26H23N101P (436.5): calcd. C 71.54, H 7.05, N 
6.42; found C 71.42, H 7.07, N 6.43. 

(S,S)-17: Yield 1.6 g [goo/, from 4 mmol of (S,S)-18]. - MS (70 
eV); IR (film): cf. (R,S)-17. - ' H  NMR (CDCI3, 400.13 MHz): 6 
= 1.17 [s, 9H. COC(CH,)3]. 1.88 (m, 6H, 4-H, 3'-H, 4'-H), 2.72, 
2.98, 3.30, 3.69, 3.91 ( 5  m. 7H. 2-H, 5-H, 3-H, 5'-H), 4.48, 4.46 (2 
m, IH, 2'-H), 7.25. 7.36 [2 m. 10H, CH (Ph)]. -~ I3C{'H} NMRL3*1 

(Ph)]. - 13C('H} NMR['*] (CDCI,, 100.62 MHz): 6 = 26.3, 26.4 

(s. C-5'), 50.2 (d, 'Jcp = 27 Hz, C-2), 60.2 (s,  C-2'), 128.8, 129.3 

I3C('H} NMR). - "P{'H\ NMR (CDC13, 101.26 MHz): 6 = 

(CDCI,. 100.62 MHz): 6 = 26.4, 27.8 (2 S, C-4'), 27.7 [s, 
COC(CH3),], 29.0 (d. 'Jcp = 17 Hz, C-4), 31.0, 31.3 (2 S, C-3 ' ) ,  
34.9 (d, ' J c p  = 9 Hz; C-3), 38.9 [s, COC(CH,),], 46.7 (d, 3Jcp = 8 
Hz, C-5), 48.8 (s, C-S'), 50.0 (d, 2Jcp = 22 Hz, C-2), 60.2 (s, C-2'), 
128.8, 129.3 [2 m, CH (Ph)], 133.3 [m, CH (Ph)], 171.2, 176.8 (2 s, 
CO, standard "CC(IH) NMR). - "P{'H} NMR (CDCI,. 101.26 

Reduction of IR,S) -17 to (3  R,2'S) -3- (Diphe~i~lphusph(~n~1)  -1- 
~ ( l I ' -neopen t ,~~ l )pyrro l id in -2 ' -~ : l ]m~t l~~ l~p~~rro l id i~~e  ((R.S)-9] and 

MHz): 6 == -7.33, -7.93. 
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qf the (S .9-17  Diastereorner to (S,S)-17 Diastereorner to (S,S)-9 
ttjith /3$2'S) Corzj?gwation: 3.6 mmol of (R,S)-17 or (S .9-17  were 
treated with 20 ininol LiAIH4 in 'THE Experimental details and 
workup were given in ref.F71. 

(R.S)-9: Yield 1.32 g [88% calcd. from 3.6 rnniol of (R,S)-17]. - 
MS (70 eV); m / z  ('5%): 409.4 (2) [M+], 351.3 (5) [M+ - C4H9], 
268.2 (20) [M' - C4H,NCH&Hg], 255.2 (20) [M+ - 

CH,C4HTNCH&H9], 223.3 (15) [M+ - Ph,PH], 183.1 (30) 
[Ph,PH], 140.1 (100) [M+ - Ph2PC4H7NCH2]. - IR (film): C = 
3065, 3052, 2949, 2864, 2793 cm-' (C-H); 1479 (C=C, C-N). 
1460, 1430, 1394, 1359, 1203, 1149, 1069, 1026 (C-P, C-N, C-C), 
739, 695 (Ph). - 'H NMR (CDC13, 400.13 MHz): 6 = 0.78 [s. YH, 
C(CH,),], 1.41-2.41, 2.69, 2.78, 3.05 (several in, 18H), 7.25, 7.36 
[2 m, 10H, CH (Ph)]. - 13C{1H) NMK (CDC13, 100.62 MH7): 6 

3Jc.p = 4 Hz, C-5). 58.8 (d, zJc:p = 23 Hz, C-2). 23.7 (s, C-4'), 
= 29.1 (d. *JCp = 18 Hz, C-4), 34.0 (d. ' J c p  = 8 Hz, C-3), 55.3 (d. 

30.3 (s, C-3'). 48.5 (s, C-5'), 57.8 (s, C-l'), 65.4 ( s .  C-2'), 28.7 [s, 
CH2C(CH,)3], 62.2 [s, CH,C(CH&], 128.6 [2 d, ' J C p  = 5 Hz, CH 

18 Hz, CH (Ph)]. - 31P{1H) NMR (CDClI, 101.26 MHz): 6 = 
(Ph)]. 128.3 [2 d, 4JcF = 5 Hz, CH (Ph)], 132.9, 133.1 (2 d, ?JCP = 

-4.2. - [a]ff = -56.3 [c = 0.94, dichloromethane: (R,S)-9 with 
de > 98%; ee > 99%]. - C26Hi7N2P (408.6): calcd. C 76.43, €I 
9.13: N 6.86; found C 76.70, H 9.21, N 6.84. 

(S,S)-9: Yield I .34 g [SWI from 3.6 mmol o f  (S,S)-17]. - MS (70 
eV), IR (film): cf. (R,S)-9.  - 'H NMR (CDCI?, 400.13 MHz): 6 = 
0.78 [s, 9H, C(CH,),]> 1.41-2.41, 2.69, 2.78, 3.05 (several m, 18H), 
7.25. 7.36 [2 m. 10H. CH (Ph)]. - '3C( 'H) NMR (CDC13, 100.62 
MHz): 6 = 28.8 (d. 2J,-p = 16 Hz, C-4), 33.8 (d, 'Jcp = 7 Hz, C- 
3). 54.7 (d, 3Jcp = 5 Hz, C-5), 59.3 (d, 'Jcp = 24 Hz, C-2), 25.4 
(s, C-4'), 30.2 (s, C-3'): 48.6 (s, C-5'). 57.9 (s ,  (2-1'). 65.3 (s, C-2'), 
28.7 [ s ~  CH,C(CH,),], 62.1 [s,  CH,C(CH3)3], 128.6 [2 d, jJc.p = 5 
Hz, CH (Ph)]. 128.3 [2 d, 4Jcp z- 5 Hz: CH (Ph)], 132.9, 133.1 [2 
d, 'JCp = 18 H L ,  CH (Ph)]. - 3'Pf1H} NMR (CDC13. 101.26 
MHz): 6 = -4.1. - [a]:? = -79.3 [c = 0.69, dichloromethane; 
(S,S)-9 with de > 98%, ee > 99Y01. - C26H37N2P (408.6): calcd. C 
76.43, H 9.13, N 6.86; found C 76.55, H 9.25. N 7.03. 

[ I '  ( RS) ,2S,4R J-1-{tert- Birto.xycurbon,vl) -4-( l'-etlzoxyeth.~~logrv J - 
2- (p - to luo l suCfon~ lo~;~~n ie th~~ l~p~~r~o l id~~ ie  (20): A solution of p-tolu- 
enesulfonyl chloride (12.1 g, 63 mmol) in dry pyridine (30 nil) was 
added dropwise at -30°C to a stirred solution of (2S,4R)-l-(tc~- 
butoxycarbonyl)-4-(hydroxy)-2-(hydroxymctliyl)pyrrolidine (19) 
(13.0 g, 60 mmol) in dry pyridine (100 ml). The mixture was stirred 
at -25°C for 15 h. at 0°C for 4 h, and at room temperature for 1 
h. 6 N hydrochloric acid (260 ml) was added dropwise to the reac- 
tion mixture with cooling in an ice bath. Thc inixturc was extracted 
with ethyl acetate (3 X 200 ml). The combined extracts were 
washed with 100 nil of saturated K2C03 solution and the solvent 
was evaporated in vacuo at room temperature. A 'H-NMR spec- 
trum of the crude oily product revealed that the mono@-tolu- 
enesulfonyl) ester of 19 was obtained in a nearly quantitative yield. 
It was contaminated with less than 15 mmol of  pyridine. The crude 
product was dissolved in 300 ml of ethyl vinyl ether and 2 in1 of 
tritluoroacetic acid (26 mmol) was added by syringe at 0°C. The 
mixture was stirred at room temperature for 96 h. Then solid 
K K 0 3  (6 g) was added and the mixture was further stirrcd for 
30 min. Then ethyl vinyl ether was evaporatcd in VACUO at room 
temperature and 100 ml of diethyl ether was added to the residue. 
The mixture was filtered through Celite and the diethyl ether was 
evaporated in vacuo at room temperature. 20 was obtained as an 
viscous oil in nearly quantitative yield which was revealed by 'H 
NMR to obtain lcss than 5 mmol of pyridinc as impurity. .- I R  
(film): C = 1669 cm-' (Boc), 1367. 1177 (OS02Ar). - 'H NMK 

(CDC13: 250.13 MHz): S = 1.09 (m? 3H, CHlCH3), 1.19, 1.21 (2  s, 
3H, CHCH3), 1.30, 1.37 [2 s, 9H, CH3 (Boc)], 1.96, 2.16 (2 ni, 2H, 
3-H), 2.35 (s, 3H. ArCH3), 3.35, 3.58 (2 ni. 6H, 5-H. CH2CH3 and 
CH20Ts). 4.01, 4.31 (2 m. 2H, 2-H and 4-H), 4.60 (m, IH. 
CHCH3), 7.26 (d, 2H, Ar), 7.67 (d, 2H, Ar). 

(2S ,4R)  -1  - ( tert- Butu.rycurbony1) -4- (l7ydt~1xy) -2- (methoxy- 
mcti3yl)p~ri.olicii~ine (21): Methanol (2.4 ml. 60 mmol) was added 
slowly by syringe to a suspension of NaH ( I  .44 g, 60 mmol) in 50 
ml of dicthyl ether. The mixture was allowed to stir at room tem- 
perature overnight. Diethyl cther was evaporated and the residue 
was dissolved in DMSO (50 ml). To this solution was slowly added 
a solution containing 20, obtained before in 20 ml DMSO by syr- 
inge maintaining the reaction temperature below 30°C. The solu- 
tion WAS stirred for 7 h at room temperature and then at 70°C 
overnight. The solution was added to 1.5 1 of water and 300 ml of 
ethyl acetate. The aqueous phase was separated and was further 
extracted with ethyl acetate (3 X 300 my). Ethyl acetate was evapo- 
rated from the combined organic phases and the oily rcsidue was 
dissolved in methanol (200 ml). To the solution acetic acid (4 ml. 
0.07 mol) was added and the solution was heated under reflux for 
4 d. The solution was then concentrated in vacuo and the residue 
again dissolved in nicthaiiolkacetic acid and heated under reflux for 
4 d. A chromatographic column [prepared with a suspension of 150 
ml dry silica gcl(230-400 mesh) in ethyl acctate] was charged with 
the crude product 21 obtained by evaporation of ethanol under 
rcduced pressure, With ethyl acetate as eluent 1 1 of eluat was col- 
lected. Ethyl acetate was evaporatcd under reduced pressure to give 
21 as an oil; yield 6.5 g (28.2 mmol, 47% calculated from 60 mmol 
of 19), contaminated with 3 mmol of I-(tert-butoxycarbonyl)-2-for- 
myl-4-hydroxypyrrolidine (Kornblum oxidation of the tosylate). - 
MS (70 eV), mIz ("4): 230.0 (10) [M+]. - TR (film): G = 3465 cm 

1.39 [s, YH. CH; (Boc)]; 2.16 (m. 2H, 3-H), 3.26 (s. 3H, OCH3), 
3.4, 3.5 (2 in, 4H, 5-H and CH20CH;). 4.01, 4.35 (2 m, 2H, 2-H 
and 4-H). - 13C-(IHJ NMR (CDC13, 100.62 MHz): 6 = 27.6. 28.4 

(0-H) ,  1700 [CO (BOG)]. - ' H  NMR (CDCI,, 400.13 MHz): 6 = 

[2 S, CH? (Boc)], 34.0; 35.0 (2 S. C-3), 52.2 (s, C-5). 55.2 (s, OCHI), 
59.0 (s, C-2), 72.8, 73.7 (2 S: CH>OCH?), 74.8. 75.3 (2 S, C-4). 

(2S.4S)  -4- i Dipher i~~ lphospha~~~l )  -2- inieiho.x.ytneth.yl jpyrolidinc 
[(S,S)-22]: The mcthancsulfonyl ester of 21 was prepared as THF 
solution (20 nil) with 21 (6.5 g, 2 x 2  mmol), n-butyllithium (18.0 
nil, 28.8 mmol) and niethanesulfonyl chloride (2.14 ml, 27.7 mmol) 
as starting compounds according to ref.L7]. This compouiid WAS ad- 
ded at -38°C to a solution of 42 mmol of KPPh2 (9.42 g) in 100 
ml of T H E  The solution was stiri-cd for 20 h at -20°C and 2 d at 
room temperature. Thcn THF was evaporated and the solid residue 
dried and dissolved in a mixture of 100 ml H 2 0  and 100 ml of 
diethyl ether. The diethyl ether phase was separated. The aqueous 
layer was further extracted twice with 100 ml dicthyl cther. The 
diethyl ether extracts were collected, filtered through Celite and 
diethyl ether was evaporated. The crude product was dissolved in 
70 ml of TFA at 0°C and stirred for 1 h, in ordcr to cleave the 
tert-butoxycarbonyl blocking group['1. TFA was cvaporated and the 
remaining oil dissolved in a mixture of aqueous KOH (100 ml, 
30%) and 100 ml of diethyl ether. The aqueous phase was separated 
and extracted twice with 50 ml of diethyl ether. The collected di- 
ethyl ether extracts were stirred with 100 ml of 2 N HCl and the 
dicthyl cthci- phasc was scparatcd. The aqueous phase was ex- 
tracted with dichloromethane (3 X 50 ml). The collected dichloro- 
methane solutions were filtered through Celite and evaporated to 
yield 10 ml of a concentrated solution 01' (S.S)-22 hydrochloride. 
This solution was added under vigorous stirring to 200 ml of di- 
ethyl ether. The suspension was concentrated to 250 ml and stirred 
overnight. The white solid was collected by suction filtration, 
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washed three timcs with 20 ml of diethyl ether portions and dried 
under reduced pressure. It was dissolved in a mixture of aqueous 
KOH (50 ml, 30%) and 50 nil of diethyl ether. Thc aqucous phase 
was aeparated and extracted twice with dielhyl ether (50 ml). The 
collected etheral solutions were dried with solid KOH and concen- 
trated to yield a viscous oil; yield 4.35 g of (5'4-22 (14.5 mmol, 
51% calcd. from 21). - MS (70 eV); nllz (oh): 299.6 ( 5 )  [M-] - I€I 

2.74, 2.85 (3 m, 4H, 2-H. 4-H. 5-H), 3.03 (s, 3H, OCHI), 3.20 (m, 
2H, CHZOCZH,. 7.19. 7.34 12 m, IOH, CH (Ph)]. - I3CC1H) NMR 

NMR (CDCl3, 250.13 MHz): 6 = 1.75 (111, 3H, 3-H, NH), 2.50, 

(CDCI,, 62.90 MHz): F = 34.4 (d, 2 J c p  = 19 Hz, C-3), 37.0 (d, 
'Jc:p = 8 Hz. C-4), 51.0 (d. 2Jcp = 24 Hz, C-5), 59.3 (s, OCH,). 
59.4 (d, 'Jcp = 7 IIz. C-2), 75.7 (s, CH20CH3), 128.6. 133.4 [2 in, 

CH (PPh)]. - 3'P{'H) NMR (CDC13, 101.25 MHz): 6 = -4.8. - 
Cl,H,,NOP (299.4): calcd. C 72.22, H 7.41, N 4.69; found C 72.18, 
H 7.39, N 4.67. 

( 2  S. 4 S ) - 1 -Ben zy I- 4-  ( dip  h en y lp h o s p  h LI ny 1 )  -2 - ( m P t h ox?) - 
methj~l)Wrrulidine [(S,S)-lO]: 'l'he acy-latioil of (S,S)-22 (4.35 g. 14.5 
mmol) with bcnzoyl chloride in diethyl ether with added triethyl- 
amine as base and the reduction with LiAIHl to yield 10 was done 
according to the procedure for thc synthesis of l-bcnzyl-3-(di- 
phenylphosphany1)pyrrolidine (S)"]; yield: 4.67 g (12 inmol of 
(S,S)-lO, 12'!/0 yield calcd. from L-hydroxyproline). - MS (70 eV); 
m/z ('YO): 390.2 (5) [M+], 183.0 (60) [Ph2PH], 91.1 (100) [PhCH2]. 
- ' H  NMR (CDC13, 250.13 MHz): F = 1.52: 2.04 (2 m, 2H, 3-H), 
2.50, 2.74,2.85 (3 ni, 4H. 2-H. 4-H, 5-H), 3.17 (s, 3H, OCH3), 3.26: 
3.41 (2 in. 2H. CH20CH3. 3.34, 4.20 (2 d. 2H, 2JJI-rIr = 13 Hz: 
CH,Ph). 7.10. 7.16, 7.34 (3 m. 15H, Ph). - I3C{lH) NMR (CDC13, 

Hz, C-4), 56.4 (d, 'Jcp = 20 Hz, C-5). 59.2 (s, OCH?), 62.6 (d, 3Jcp 

ni, CH (PPh)]. - "P('H} NMR (CDCI;, 101.25 MHz): 6 = -3.9. 
- [u]g = -56.8 (c = 0.23, dichloromethane). - C25H,8NOP 
(389.5): calcd. C 77.10, H 7.35, N 3.60: found C 76.85, H 7.29, 
N 3.69. 

100.62 MHz): F = 31.8 (d, 'Jcp 17 Hz, C-3), 33.5 (d. ' J cp  8 

= 6 Hz, C-2), 75.4 (s: CHpP1.1). 76.6 ( s .  CHlOCHj). 128.6, 133.4 [2 

[ (3S.2' R) -3- (Diplienylphosl,/zanylj -1 -[ f tefraliy~lrof~iraii-2'-yl) - 
met~i~~l/pyrroli~i~~e-~N/rJiiuirbpallncliLiin [(S.R)%Pd] and Dinstere- 
onlcric (R,R)-g-Pd nnd ((2s 4 s )  -I  -Benzyl-4- jdiphcn~lphosphanyl) - 

2- ( metho,~ymrr~~}~l)y);r.roliLZine-~ N/diiodoipcilludiuni (10-Pd): These 
complexes were prepared and purified according to a published 
~rocedure[~I. 

(S,K)-&Pd: MS (FAB); mn/z (%): 572.0 (100) [M ' - I], 444.0 (35) 

2921, 2867 cm- (C-H), 1482 (C=C, C-N). 1433, 1189, 1098, 
[M+ - 2 I], 338.2 (35) [M+ - PdIz]. - IR (KBi-): P = 2971, 2941, 

1082, 1021 (C-P. C-N, C-C, C - 0 ) :  740, 704, 696 (Ph). - 'H 
N M R ( C D ~ C ~ ~ , ~ ~ O . I ~ M H Z ) : F =  1.76,2.19.2.98.3.61,3.83,4.72, 
5.24 (several m, 16H), 7.25, 7.36, 7.88, 8.02 [4 m. IOH. CH (Ph)]. 
- "('H) NMR (CDC12 62.90 MHz): 6 = 25.1 [s. C-4; C(5j X- 
ray], 36.0 [d, ' JCp  = 29 Hz, C-3; C(4) X-ray], 57.2 [s, C-5; C(6) X- 
ray], 61.5 [d, 3Jc,r = 6 Hz, C-2: C(7) X-ray], 65.5 [s, CI-1'; C(l0) X- 
ray], 74.4 [s. C-2'; C(11) X-ray]. 29.8 [s, C-3'; C(12) X-ray], 23.8 [s, 
(2-4'; C(13) X-ray], 67.4 Is, C-5'; C(14) X-ray], 127.6, 128.3 [2 d, 
3Jcp = 12 Hz,, 3Jcp = I 1  Hz, CH (meta Ph)]. 131.2, 131.6 [2 s, CH 

(ortho Ph)]. - 31P(1H) NMR (CD2C12, 101.26 MHz): 6 = 42.3. - 
[a@ = 106.2 (c = 0.098, dichloromethane). - C21H2J2NOPPd 
(699.6): calcd. C 36.05, H 3.75, N 2.00; found C 36.01, H 3.91, 
N 2.03. 

(R,R)-%Pd: MS (FAB), IR (KBr): cf. (S,R)-23. - -  IH NMR 
(CD2C12, 400.13 MHz): F = 1.71, 2.20, 3.63, 4.62, 5.24 (scveral m, 
16H), 7.25, 7.36, 7.88, 8.02 [4 m, 10H. CH (Ph)]. - 13C{1H) NMR 
(CDzC12 62.90 MHz): 6 -: 24.2 [s, C-4; C(5) X-ray], 35.7 [d. 'JCp 

((XZTLL Ph)], 134.1, 134.2 [2 d. 'Jcp = 11 Hz. 'Jcp = 10 Hz, CH 

= 27 Hz, C-3; C(4) X-ray], 58.1 [s. C-5: C(6) X-ray], 63.4 [d, 3Jcp 
= 7 Hz. C-2: C(7) X-ray], 64.5 [s, C-1'; C(10) X-ray], 78.9 [s, C-2'; 
C(11) X-ray]. 28.6 [s. C-3'; C(12) X-ray], 23.4 [s, C-4'; C(13) X- 
ray]. 67.6 [s. C-5': C(14) X-ray], 127.6, 128.3 [2 d, 3J,-p = 12 Hz. 
'JCp = 11 Hz, CH (meta Ph)], 131.3, 131.5 [2 d, 4JCr = 3 Hz, CH 
@am Ph)], 134.1. 134.2 [2 d, 'JcP = 11 Hz, 2JCp = 8 Hz, CH (ortho 
Ph)]. - "P{'H) NMR (CDZCIZ, 101.26 MHz): F = 42.5. - [a]g  
= -98.2 (c = 0.11. dichloromethane). - C21H2612NOPPd (699.6): 
calcd. C 36.05, H 3.75, N 2.00: round C 

10-Pd: MS (FAB); m/z (YO): 749.6 ( 5 )  [M-], 621.9 (100) [M+ - 
I], 494 (30) [Mf - 2 11, 388.1 (30) [Mf - Pdlz]. - 1R (KRr): 5 = 

2963, 2926, 2853 cm-! (C-H), 1452 (C=C, C-N), 1434, 1262, 
1196, 1113. 1084 (C-P: C-N, C-C), 1182 (COC). 748. 697, 691 
(Ph). - 'H NMR (CDzCl?. 250.13 MHz): 6 = 1.68, 2.37: 2.52, 
2.65 (4 m, 5H, 2-H. 4-H, 5-H), 3.49 (s. 3€I, OCIJ?). 3.93, 3.97 (2 
in, 2H, CH20CH1). 4.43 (m, 1H. 3-H), 4.89, 5.03 (2 d, 2H, 2JHH 
7 14 Hz, CH,Ph), 7.27, 7.46 (2 m, 12H, Ph), 7.89, 8.03 (2 m, 3H, 

= 3 Hz, C-3; C(5) X-ray], 34.5 [d, 'JCp = 27 Hz, C-4; C(4) X-ray], 

2; C(6) X-ray], 65.1 [s, CH2Ph; C(10) X-ray], 73.6 (s, CH20C113), 
127.8. 128.1 [2 d, 'Jrr = 8 H7, CII (rrze/u PPh)], 131.3, 131.4 [2 d, 
4.1c.p = 3 Hz, CH (prim PPh)], 134.0, 134.6 12 d, 2Jc.p = 9 Hz, 2Jc.p 

3'l '(iH} NMR (CD,C12, 101.26 MHz): 6 = 39.2. - [a];; = 180.1 
(c = 0.095, dichloromethane). - C2sH2x12NOPPd (749.7): calcd. C 
40.05, H 3.76. N 1.87; found C 39.74, H 3.77, N 2.14. 

P-Ph). ~- I3C('H} NMR (CDC13, 62.90 MHz): S = 27.5 [d. 'Jcp 

58.1 (s, OCH?). 61.9 [d: 'Jcp = 5 Hz, C-5; C(7) X-ray], 64.1 [s, C- 

z= 10 Hz, CH (OV~/ZO PPh)], 127.6., 131.2 [2 S, CH (CH,Ph)]. - 

[SS P( RS)]-3- f Phen~~)ho.cph~in?;l)~)yrr(~l~~l i~e [(S,RS,)-1 I] 

A )  (S.RSp)-ll of 93% ee by SN2 Substitution with KPHPh: Pre- 
caution: I'henylphosphane is highly toxic and has a noxious odour 
even at very low concentrations. All aqueous and organic waste 
phases should be collected and stored in an efficient hood. They 
can be combincd at the end of synthesis and phciiylphosphane can 
be dclctcd by addition of excess NaOCl solution. A solution of 
pheiiylphosphane (8.25 ml, 75 nnnol) in 100 ml of THF was added 
during 2 h to a suspension of K H  (2.85 g. 69 mmol) in 50 ml of 
THE The mixture was allowed to stir at room temperature for 2 
h. Then the inethanesulfonyl ester of (3R)-l-tert-butoxycarbonyl- 
3-hydroxypyrrolidine {prepared with (3R)-l-tert-butoxycarbony1-3- 
hydrosypyrrolidine [(R)-231 (10.0 g, 51 mmol), n-butyllithiuni (32.3 
ml, 51 mmol). and methansulfonyl chloride (3.9 ml, 50.4 mmol) as 
starting compounds according to in 50 ml of THF was ad- 
ded at -38°C. The solution was atirred for 20 h at -20°C and 2 d 
at room temperture. TIIF was evaporated and the solid residue was 
dried and dissolved in a mixture ol' 100 ml of H20 and 100 ml of 
diethyl ether. The diethyl ether phase was separated. The aqueous 
layer was further extracted twice with 100 ml of diethyl ether. The 
diethyl ether extracts, containing [3S.P( RSJ- 1 -frrt-butoxycarbonyl- 
3-(phenylphosphanyl)pyrrolidine [(S.RSp)-2S] were collected and 
were added to 70 ml of TFA at 0°C. The mixture was stirred for 2 
h and was then concentrated in vacuo. The remaining oil was dis- 
solved in 700 m1 of 2 i~ HCI and 500 ml of the mixture was distilled 
off. At 0°C aqueous KOH (100 ml, 70%) was added and the aque- 
ous phase was extracted three times with 100 ml diethyl ether. The 
collected diethyl ether solutions were filtered through Celite and 
concentrated in vacuo; yield: 5.67 g of (S;RS,)-ll 131.6 mmol, 62% 
calcd. from (R)-231. - WIS (70 eV); i d z  ('XI): 179.2 (20) [M+], 109.1 
(20) [PhPH2], 69.3 (30) [M ' - PhPH2]. - IR (film): 9 = 3289 cn- l  
(N-TI), 3052, 2959, 2926, 2867 (C-H), 2300 (P-H), 1482 (C-C, 
C-N), 1437, 1399, 1187, 1116, 1071 (C-P, C-N: C-C), 745. 697 
(Ph). - 'H NMR (CDCI;, 250.13 MHz): 6 = 2.14 (s, IH, NH), 
1.4Y, 1.93 (2 m, 2H, 4-H), 2.33, 3.09 (2 ni. 2H, 2-H), 2.63: 2.84 (2 
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in. 2H, 5-H). 2.81 (m, 1H; 3-H), 4.10 (q, 1/2H, l J H p  = 209 Hz, 
'JHH = 8 FIz, P-H, 1st diastereoiner), 4.13 (q,  1/2H, lJHp = 211 
Hz. ;JHH = 6 Hz, P-H, 2nd diastereomer). 7.22, 7.40 (2 m, 5H. 
Ph). - I3C{'H) NMR["'J (CDCI?. 62.9 MHz): 6 = 30.2, 30.8 (2 d. 
'JCp = 9 Hz, 2Jcp = 8 Hz, C-4), 33.9 (2 d; 'Jcp = 9 Hz, 'JCp = 8 
ITz. C-3). 47.9 (2 d. -'.fc.p = 5 Hz, ' J C p  = 6 Hz. C-5), 50.9, 51.8 (2 
d, 2Jc-p = 21 Hz, 'JCp = 10 Hz. CXj, 128.3 [d, 'Jcp = 6 Hz, CH 
(ineta Pli)], 128.4 [d, 'JcP = 5 Hz, CH @am Ph)]. 133.8, 134.1 12 

(CDCI,, 101.25 MHL): 6 = -40.5. -41.0. - [a]g -~51.5 (c  = 

1.578, ethanol; with (S,RSp)-lI of 93% ee). - C10H,4NP (179.2): 
calcd. for C10H14NP. 112 H,O C 63.82, H 8.03, N 7.44; found C 
64.27, H 8.17, N 7.68. 

d, 'Jcp = 15 Hz, 2Jcp = 16 Hz. CH (orfho Ph)]. - "P('H] NMR 

B )  (S,RSp)-ll bj) Cleavage of  98% er  (9-4 with Lithium Metal  
Accelerated by Ultrasound Irvadiation: 1.97 g (3S)-3-(Diphenyl- 
phosphany1)pyrrolidine [(S)-4] (7.7 mmol, 98% ee), and 1 g (144 
mmol) finely chopped lithium metal were added to 100 ml of THE 
The Schlenk tube was put in a ultrasound cleaning bath [120 KW, 
35 KHz]; containing a mixture of crushed ice and water. The mix- 
ture was soiiicated with 35 KHz ultrasound during 15 min main- 
tailing 0°C in the bath. Then THF WAS separated from lithium and 
0.7 ml of water (39 iiimol) was slowly addcd by syringe to thc red 
THF solution. The discoloured THP solution was filtered through 
Celite and THF was evaporated in vacuo. The crude product was 
dissolved in 20 ml of 6 N HCl and 20 nil of hexane and was stirred 
overnight. Then the hcxanc phase was scparatcd and SO ml of 30'%1 
KOH solution was added. (S,RSr)-ll was cxtracted with diethyl 
ether (3 X 50 ml). The collected diethyl ether solutions wcre filtcred 
through Celite and concentrated in vacuo; yield 1.22 g (89% calcd. 
from (9-4). - [a]?! = -49.8 [c = 1.655, ethanol; with (S.RSp)-ll 
of 98% eel. 

(3s P ( RS) 1-1 - Plieq~l-3- (pken~lylios~~lm~~,l.lipl'r.l.olitliinc [( S ,  RSp)- 
261: To a solution of 6.79 g (53 inmol) naphthalene in 30 ml of THF 
was added 2.05 g (52.5 mmol) potassium inetal in small pieces. The 
green solution was stirred Tor 2 h and 6.69 g (3-4 (26.6 mnol, 98% 
ce) dissolved in 50 ml of THF was added by syringe during 5 min. 
After 10 iniii of stirring, 4 rn l  of water (222 mmol) was slowly added 
at 0°C by syringe to the red THF solution. The discoloured THF 
solution was filtered through Cchte and TH F was evaporated in 
vacuo. The crude product was dissolved in 100 ml of h N HCI and 
100 nil of hexane and was stirrcd oycrnight. Then the hexane phase 
was separated. The aqueous phase was further cxtracted twice with 
100 ml of hcxane and then 100 ml of 50% KOH solution was slowly 
added. (S,RSp)-26 was extracted with diethyl ether (3 X 100 ml). 
The collected dieth>Jl ether solutions were filtered through Celite 
and concentrated in vacuo; yield 6.1 g of (S,RSp)-26 [91.6'%1 calcd. 
from (53-41. - MS (70 eV); i d z  (9'0): 255.1 (100) [M+], 145.2 (70) 
[M' - PhPH21, 109.1 (20) [PhPH2], 77.1 (30) [Ph]. IR [film): P 
= 3054, 3924. 2960, 2922, 2894, 2834 cm-' (C-H), 2280 (P-H), 

C-C). 744, 691 (Ph). - 'H NMIZ (CDCI,, 400.13 MHzj: S = 1.97. 
2.26 (2 m, 2H. 4-H). 2.78 (ni, IH, 3-H), 3.24, 3.36, 3.43, 3.56 (4 in, 

2H, 5-HI1 4.35 (q, 112H. ' J l ~ p  209 Hz. i J ~ ~  = 4 Hz, P-H. 1st 
diastereomer), 4.34 (y. 1/2H. lJIIp = 212 Hz, ' J H H  = 4 Hz, P-H. 
2nd diastereomer). 6.61, 6.80, 7.32. 7.42, 7.61 [5  m. ]OH, CH (Ph)], 
- I3C{'H) NMRL3'l (CDCI3, 100.62 MHz): 6 = 30.9, 31.8 (2 d. 
'Jvp = 15 Hz, ' J c p  = 6 Hz, C-4). 33.5, 33.6 (2 d, 'Jc:p = I0 Flz, 
'Jcp 11 Hz, C-3). 47.9, 48.0 (2 d. 'Jcp = 5 Hz, 3Jcp = 6 Hz, C- 

' J c p  = 5 Hz. CH ( m ~ f i !  Ph)]. 128.8 Id, 4./c.p = S Hz, CH (para W)]. 

111.9, 116.0, 129.3 [3 s, CH (NPh)]. - "P{'H} NMR (CDC13. 

1597, 1505 (C=C, C-N), 1439, 1366. 1185, 1157 (C-P. C-N, 

51, 50.5, 51.6 (2 d. 'JcP = 23 Hz, 2Jcp = 21 Hz. C-2), 128.8 [d, 

134.4. 134.5 [2 d. '.Jc,p = 10 Hz, 2Jcp = 9 HT, CH (orflzo Ph)], 

Chum. Ber/RccueillYY7, 1-30> 989- 1006 

32.39 MHz): S = -31.4, -41.6. - C16H18RiP (255.2): calcd. C 
75.27, H 7.11, N 5.49; found C 75.06. H 6.91, N 5.55 .  

/ 3 S ,  P (  R S )  ] - I  - R e ~ o j , l - 3 -  ~ p h c i i l ; l p h o s p h a i i ~ i ~ ~ ~ ~ ~ ~ ~ ~ i l i c l i n e  
[(S,RSp)-28]: To a stirred solution of [3XP(RS)]-3-(phenylphos- 
phany1)pyrrolidine [(S,KSp)-ll] (7.2 g, 40.2 mmol) in 200 ml of 
diethyl ether was added triethylaininc (13.9 inl, 100 inmol). At 0°C 
benzoyl chloride (10.45 id, 90 mmol) was slowly added by syringe. 
The mixture WAS allowed to stir for additional 4 h, washed with 
100 ml of saturated aqueous citric acid solution and then filtered 
through Celite. The diethyl ether was concentrated in \;acuo to yicld 
30 nil of a coilcentrated solution, [hat was added by syringe to 250 
nil of ethanol containing KOH (30 g, 0.54 mol). The mixture was 
allowed to stir for 3 d and was then filtered through Celite in order 
to remove precipitated potassium benzoate. The filter cake was 
washed thrce times with 80 ml of diethyl ether and the combined 
ethanol and dicthyl ether phases were concentrated in vacuo. Then 
100 ml of water and 200 ml of diethyl ether were added and the 
dicthyl cther phase was separated. The dielhyl ether phase was 
stirred with 100 in1 of saturated aqueous citri 
d. The separated diethyl ether phase was washed with saturated 
K2C03 solution and was then filtered through Celite covered with 
MgS04. The diethyl ether was evaporated and (S,RSP)-28 was dried 
in vacuo; yield 8.53 g [75% calcd. from (S.RSp)-ll]; 8 inmol of 
(S.RS,)-ll can be recovered froin the second aqueous citric acid 
solution. - MS (70 cV); mi-. ((X,): 283.2 (20) [M+]. 173.8 (20) [M 
- PhPH']. 105.0 (100) [COPh]. - IR (film): D = 3055. 2966, 2940, 
2873 cm-' (,C-.H). 2285 (P-H), 1631 (CO), 1496, 1478. 1447 
(C=C, CJ-N), 1447, 1340, 1201, 1178 (C-P. C-N, C-C), 792, 
747. 717, 699 (Phj. - ' H  NMR (CDC13. 400.13 MHz): 6 = 1.64 
(m. 1H. 4-H'). 1.96. 2.05 (2 m, IH. 4-H'). 2.41. 2.53 (2 ni, IH, 3- 
IT), 3.19 3.84 (7 in, 4H, 2-H, 5-H). 3.7, 3.8, 4.3. 4.4 (4 m, lH,  
P-€I), 7.20. 7.27. 7.40 [3 m, 10H, CH (PH)]. - "Pj 'H] NMRr"] 

- Cl7HlXNOP (283.2): calcd. C 72.07, H 6.40, N 4.94; found C 
71.61. H 6.36, N 5.34. 

(CDC13. 101.25 MHz, 298 K): 6 -42.6. -44.0, --44.2, -46.8. 

(3S. P (  RAT)]- 1 -BeizzyI--?- ( p / ~ e i i ~ ~ l i o . ~ p l ~ a i i ~ l ) p ~ r v o l i ~ i ~ i e  [(S,NS,)- 
291: To a solution of 1.54 g (40 mmol) LiAIH4 in 100 in1 of THF 
a solution of phosphane (S,RSp)-28 (8.5 g. 30 mmol) in 50 ml of 
THF was slowly added at 0°C. After stirring overnight, the mixture 
was very cautiously added to a vigorously stirred solution of 60 g 
KOH iii 100 ml of water. The clear THF phase was separated and 
the aqueous phase extracted twice with 5 0  ml of diethyl ether. The 
collected organic phascs werc concentrated in vacuo. The remain- 
ing oil was dissolved in 500 nil of 2 N HCI and 300 ml of the 
mixture were distilled olT. A1 0°C aqueous KOH (80 ml. 70%,) was 
addcd and the aqueous phase was extracted three times with 100 1111 
of dicthyl cther. The collected diethyl ether solutions were filtcrcd 
through Celite and concentrated in vacuo: yield of (S,RSpP-29: 7.7 
g [90% calcd. from (S,RSp)-28]. - MS (70 eV); m / z  ($At): 268.1 (30 

[ M I .  - IR (film): 0 = 3054, 3027: 3001, 2955, 2914, 2866. 2791. 
2713 cni-' (C-H). 2300 (P-H), 1494, 1480 (C=C, C-Nj. 1444, 

- 'H NMR (CDC13. 250.13 MHz): 6 = 1.64, 1.99 (2  m. 2H, 4-H), 
2.25, 2.39, 2.66. 2.81 (4 m. 5H. 2-H. 5-H; 3-H), 3.55 (m, C'H,Ph), 
4.16 (9; IH, '.IHp = 209 fIz. 'JHH = 6 Hz, P-H). 7.21. 7.37 [2 m,  
10H, CH (Ar)]. - '3Ci'H) NMR[391 (CDC13, 100.62 MHz): 6 = 

30.5, 31.3 (2 d. '.Icp = 15 Hz? 2JCp = 9 Hz. (2-41, 33.8. 33.9 (2 d, 

[M+], 159.0 (100) [M - PliPH21, 108.9 (15) [PhPH,], 91.1 (75) 

1274, 1250, 1148. 1030 (C -P. C-N. C-C). 750,738. 700.697 (Ph). 

'Jcp = 9 Hz: ' Jcy  = 10 IIL> C-3). 47.9. 48.1 (2 d, 3./c.p = 5 Hz, 
'.Icp = 6 Hz, C-5), 50.7, 51.3 (2 d, 'JCP = 23 Hz, >JC.,, = 13 Hz, 
C-2), 60.2, 60.9 (2 s, C'H,Ph), 128.7 [d, 3Jcp = 5 Hz. CFI  em 
Ph)], 128.8 [d. 4Jcp = 5 Hr, CH (para Ph)]. 134.1. 134.3 [2 d. 2 ~ c p  
= 10 Hz. 'Jcp = 9 Hz, CH (ortho Ph)], 127.4, 127.6, 125.5, 128.7, 

1001 
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129.3, 129.4 [6 S. CH (CHZPh)]. - 31P{1H) NMR (CDCI;, 101.25 
MHz): 6 = -37.4, -38.4. - CI7H2,,NP (269.3): calcd. C 75.81, H 
7.49, N 5.20; found (1 75.61, H 7.36. N 5.38. 
[ 3 S, P i  R S /  J' -3 - [ 2 ' - M e  1 h ox ,yp  h en.v 1) ph eny  lp h o sp h any I ]  - 

pyrrolidine [(S.RSp)-27]: To a solution of [3S,P(RS)]-3-(phenylphos- 
phany1)pyrrolidine [(S,RSp)-ll] (3.9 g; 22 mmol) dissolved in 100 
ml of THF. 3 g (75.8 mmol) of potassium metal &'as added in three 
portions. After 5 11 of stirring, the THF solution was separated 
from remaining potassium metal. 'To the red phosphide solution at 
-30°C was added 9 ml of 2-fluoroanisole (80 mmol) by syringe. 
The reaction mixture was stirred at -18°C overnight. Then THF 
was evaporated at room temperature in vacuo. The crude product 
was dissolved in 100 ml of 2 N HCI and 100 ml oi' diethyl ether 
and was stirred overnight. Then the diethyl ether phase was sepa- 
rated. The aqueous phase was further extracted twice with 100 ml 
of diethyl ether and then 100 ml of 40% KOH solution was slowly 
added. (S,RSp)-27 was extracted with diethyl ether (3 X 100 id) .  

The collected diethyl ether solutions were filtered through Celite 
and concentrated in vacuo; yield. 2.58 g [90% calcd from (S.RSp)- 
111. - MS (70 eV); I d :  ("/"): 284.9 (5) [M '1, 216.1 (70) [AnPhPH], 
69.1 (100) [M+ - AnPhPH]. - IR (film): F = 3280 c m ~  ' (N-H), 

1399, 1294. 1271, 1243, 1180, 1163, 1130, 1092. 1073, 1042, 1026 

MHz): 6 = 1.78 (s, lH,  NH). 1.56, 1.99 (2 m, 2H, 4-H), 2.80, 2.92 
(2 m, 5H; 2-H, 5-H, 3-H), 3.61. 3.62 (2 s, OCH3), 6.73, 6.89 [2 m; 
2H, CH (Ar)], 7.21. 7.37 [2 m, 7H, CH (Ar)]. - 13Cf'H) NMR[39] 
(CDC13, 62.9 MHz): 6 = 31.3, 31.3 (2 d. 2Jcp = 19 Hz, 2./cp = 20 
Hz, C-41, 35.1: 35.3 (2 d, 'Jcp = 9 Hz, C-3). 47.7, 47.9 (2 d. 3JCr 
= 6 Hz, C-5), 51.8, 51.9 (d, 'JCP = 23 Hz, 'Jcp = 26 Hz> C-2), 

CN (purn Ph)], 132.9. [m, CH (ortho Ph)], 110.5, 120.7. 130.2 [3 s, 
CH (An)], 133.3 [m, CH (An)]. - 3'P(lH) NMR (<:DC13, 32.39 
MHz): 6 = -15.7, -16.1. - C17HZi,NOP (285.1): calcd. C 71.56: 
H 7.07, N 4.91; found C 71.47, H 7.52, N 4.87. 

[3S, P (  RSj j-I - Benz,yl-3-[  (Z'-methox-yphenylJpkenylphos- 
phanyljpjivrolidine [(S.RSr)-12]: To a stirred solution of (S,RSp)-27 
(3.58 g, 9 mmol) in 100 ml of diethyl ether. triethylamine (3.4 nil. 
20 ininol) was added. At 0°C benzoyl chloride (1.0 ml. 8.9 mmol) 
was slowly added by syringe. Thc mixture was allowed to stir for 
additional 4 h and was then hydrolysed by addition of 20 ml of 
aqueous NaOH solution (0.8 g NaOH, 20 mmol). The diethyl ether 
phase was separated, washed with 50 nil of saturated aqueous citric 
acid solution and then 50 ml of 2 N KOH solution. It was filtered 
through Cclite and concentrated in vdcuo. Thc reduction with Li- 
AIH4 to yield (S,RSp)-12 was done according to the procedure Tor 
the synthesis of 1 -benzyl-3-(diphenylphosphanyl)-pyrrolidine (5)L71. 

[ 1.3 S, P ( RS)  1 - 1 - Benzy 1-3 - [ (2 '  -me tlioxyp h eny 1) -1) h eny lp h os- 
phanyl]p~rroiidine-~ N]diiodopallucliunt [( S, RSMp)-l 2-PdI: To 
crude (S,RSp)-12 (3.23 g, 8.6 mmol) was added N a l  (15 g, 100 
mmol) and the mixture was dissolved in 100 ml of acetone. To this 
mixture was added 1 ml of water and Na2PdCI4 (2.67 g. 9 mmol) 
in one portion. After 2 d, the acetone was Concentrated and the 
dried residue was purified using flash chromatography with ethyl 
acetate (gradient raised to 50%) dichloromethane on silica gel. The 
product obtained was separated into both diastereomers with ace- 
tone (lO%l)/toluene with preparative column chromatography. The 
separated diastereomers were crystallised from dichloromethanef 
toluene solutions and were displaced with KCNr'] to yield the dia- 
stereomerically pure phosphanes (S,Sp)-12 and (S,Rp)-12. We were 
not able to remove solvent residues, because Lhe phosphanes (S,Sp)- 
12 and (S,Rp)-12 were dried at room temperature in order to pre- 
vent epimerisation of the phosphorus center. 

1002 

3067, 3001, 2934, 2862, 2834 (C-H), 1472 (C=C, C-N), 1430, 

(C-P. C-N, C-C), 755, 698 (Ph). - 'H NMR (CDCII. 250.13 

55.4 ( s ,  OCH3), 127.9 [d, 3Jcp = 7 Hz, CH ( m e t ~  Ph)], 128.3 [s, 

[(.?S, P R,tfp) -1 -Benzyl-3- ~(2'-inethovyphenl;l jp~ienylp/ios- 
phaii,ylip~rroliltie-~ Nj~liiuili~pull~~diiim [( S, RMp)-lZ-Pd]: Yield 3.06 
g (4. I6 mmol). - Rf = 0.255 (toluene/lO%) acetone). - MS (FAB): 

[M+ - PdIz]. - IR (KBr): F = 2954, 2926, 2854 cm-' (C-H), 
1585, 1576 (Ar), 1474 (C=C, C-N), 1459, 1429, 1277, 1250, 1099, 

(CD2CI2. 250.1 3 MHz): 6 = 2.1 I ,  2.64. 3.35 (3 m, 6H, 2-H, 4-H, 
5-13), 4.31 (m, lH,  3-H), 3.47 (s, 3H. OCH:). 3.55, 5.82 (7 d ,  2H, 
2JHH = 13 Hz. CH2Ph), 6.78, 6.89 (2 in, 2H. Ar). 7.21 (m, 5H, 
Ph), 7.38 (m, 2H, Ph), 7.70 (m, 2H, P-Ph), 7.86 (in, 2H. P-Ph). 
8.34 (ni, 1H. P-Ph). - I3Cf'H} NMR (CD2C12, 62.9 MHz): F = 

26.6 [s. C-4; C(5) X-ray]. 35.1 [d. 'Jcp = 28 Hz, C-3; C(4) X-ray], 
56.0 (s, OCH,), 59.0 [s, C-5; C(7) X-ray], 61.6 [d, 2Jt-p = 5 Hz. C- 
2; C(6) X-ray]. 65.0 [s. CHzPh: C(10) X-ray], 128.8 [d, 3./c:p = 10 
Hz, CH (inetu Ph)], 13 I .7 [d, 4Jcp = 3 Hz, Ch (para Ph)], 134.0 [d, 
2Jcp = Y Hz, CH (orrho Ph)], 11 1.9, 135.4 [2 s, CH (An)], 121.3 [d, 
3./c:p = 15 Hz, CH (An)], 143.1 [d, 2Jcp = 20 Hz, CH (An)], 128.1, 

MHz): 6 = 47.7. - [a]g = 259.3 (c = 0.12, dichloromethane, 
samplc of 98% ee). - C21H2612NOPPd (735.7): calcd. C 39.18, H 
3.56, N 1.90; found C 39.58, H 3.59, N 1.79. 

N ~ Z  (Oh): 607.8 (100) [M+ - 11, 480.0 (30) [Mf - 2 I], 374.0 (20) 

1077, 1019 (C-P, C-N. C-C), 744, 701 (Ph). - 'H NMR 

128.3, 130.7 [3 S, CH (CHZPh)]. -- 3'P(1H} NMR (CD2C12, 101.25 

[ ( 3 S, P S.I fp  j - I  -Be nzyl-3 - { ( 2  ' - m r f haxyp  h enjJl  )ph erz.ylp h o s - 
p h a i i ~ l / p ~ ~ r o l i d i n e - ~ ~ ] d i i ~ d ~ p u i l ~ i d i u t ? ~  [(S,SMp)-12-Pd]: Yield 3.06 
g (4.16 mmol). - R, = 0.275 (toluene/100/., acetone). - M S  (70 
eV); IR (Knr): cf. (S.RMp)-12-Pd. - 'H NMK (CD2Cl2, 250.13 
MHL): 6 = 2.11, 2.70, 3.35 (3 m, 6H, 2-H, 4-H, 5-H), 4.26 (m, IH, 

CH2Ph), 6.88 (m, 2H. Ar), 7.25 (m, 5H. Ph), 7.45 (m, 2H. Ph). 
7.72 (m, 2H. P-Ph), 7.87 (m, 3H, P-Ph). ~- I3C{'H) NMR 
(CD2CI2, 62.9 MHz): 6 = 24.5 [s, C-4: C(5) X-ray]. 35.7 [d, 'JcP = 

28 Hz, C-3: C(4) X-ray], 55.2 (s. OCH?). 56.1 [s, C-5; C(6) X-ray], 
61.5 [d, 2Jcp = 5 Hz, C-2; C(7) X-ray], 65.2 [s, CH2Ph: C(10) X- 
ray], 127.7 [d, ,J,:, = 4 Hz, CH (mern Ph)]. 130.9 [d. 4Jcp = 3 Hz. 
CH (para Ph)], 133.5 [d, 2JCp = 10 Hz, CH (ortho Ph)], 11 1.3. 
119.7, 133.9 [3 s, CH (An)], 138.4 [d, 'JJcp = 11 Hz, CH (An)], 

101.25 MHz): 6 = 41.3. - [a]g = 160.7 (c = 0.134, dichloro- 
methane. sample of 98% ee). - C24H2612NOPPd (735.7): calcd. C 
39.18, H 3.56, N 1.90; found C 39.32. H 3.68, N 1.91. 

3-H), 3.71 (s, 3H, OCH,), 4.07, 5.49 (2 d, 2H, 'JFr1-I 13 Hz. 

127.8: 127.9, 130.2 [3 S, CH (CH2Ph)l. - "Pf'H} NMR (CDzCI,. 

/3S, PR)  -1 -Benzyl-3-[ (Zr-methoxyplzrn)~l)phen~~lphosplzanylj- 
pyrrolidinu [(S,Rp)-12]: Yield 1.56 g (4.16 mmol). - MS (70 cV); 

[AnPhPH]: 159.1 (100) [Mf - AnPhPH]. 91.1 (90) [CH2Ph]. - IR 
(film): 6 = 3084; 3063, 3027, 3001, 2956, 2931, 2865, 2833, 2791 
cm-' (C-H), 1585. 1576 (Ar), 1484, 1472 (C=C, C-N). 1461, 
1431, 1376, 1346> 1295, 1273, 1243, 1179, 1147, 1129, 1093, 1073, 

(CDCI3, 250.13 MHz): 6 = 1.73 (m, 1H. 4-H'). 1.93 (m, l H ,  4- 
H2). 2.41 (m, 2H, 2-H', 5-H'), 2.98 (m, 2H, 2-H2, 5-H2), 2.75 (m, 

CHJ'h), 6.72: 6.88 (2 m, 2H. Ar). 7.27, 7.42 (2 m, 13H, Ph, Ar). 
- ] 'CflH} NMR (CDCI,, 62.9 MHz): 6 = 29.7 (d, 'Jcp = 19 Hz, 

mlz  (%): 375.1 (5) [M+], 284.1 (20) [M+ - CH,Ph], 216.1 (30) 

1042, 1027 (C-P, C-N, C-0, C-C), 753. 698 (Ph). - 'H NMR 

lH,  3-H); 3.62 (s, 3H. OCH3), 3.52, 3.63 (2 d, 2H. 2 J H H  = 13 Hz, 

C-4), 33.4 (d. ' JCp = 7 Hz, C-3). 54.6 (d, 'Jcp = 4 H L ,  C-5), 59.0 
(d: 2Jcp = 24 Hz, C-2), 55.8 (s, OCH,), 60.9 (s, CHZPh), 128.6 [d, 
'JCp = 7 Hz, CH (meta Ph)], 128.9 [sl CH @ura Ph)], 133.4, [d, 
'JCr = 17 Hz, CH (orrho Ph)]. 110.9, 121.3, 130.7 [3 s, CH (An)], 
133.7 [d, 'Jcp = 20 Hz; CH (An)], 127.4, 128.5, 129.3 [3 s: CH 

[a]g = -30.7: (c = 0.33, dichloromethane, sample of 93% ee). - 
C24H2hNOP (375.5): calcd. for C24H26NOP . 0.5 CH2C12 C 70.41, 
H 6.51, N 3.35: found C 70.80, H 6.71, N 3.56. 

(CH,Ph)]. - "Pf'H) NMK (CDCI:, 101.25 MHz): 6 = -16.1. - 

Chem. Ber./Recueil 1997, 130, 989-1006 



Enantioselective Catalysis. XV FULL PAPER 
/3S, PS,, - 1 -Berizql-3-[ (Z'-~zethoxyp,henyIjphen~~Iphosphan:l]- 

pyrrolidine [(S.Sp)-12]: Yield 1.56 g (4.16 mmol). - MS (70 eV); IR 
(KBr): cf. (S,Sp)-12. ~ 'H NMR (CDCl3, 250.13 MHz): 6 = 1.73 
(m; 1H; 4-H'), 2.12 (m, lH,  4-H'). 2.37 (m, 2H, 2-H1, 5-H'), 2.81 
(in, 2H, 2-H', 5-H'). 3.0 (m, IH, 3-H), 3.61 (s, 3H, OCH3), 3.48, 
3.62 (2 d, 2H. 'JHFI = 13 Hz, CH'Ph). 6.75, 6.92 (2 m, 2H. Ar), 
7.23, 7.40 (2 m, 13H, Ph; Ar). - l3C{'H} NMR (CDC13, 62.9 

3), 54.7 (d, 3Jcp = 4 Hz, C-5), 59.0 (d; 2Jcp = 24 Hz. C-2), 55.9 
MHz): F = 29.7 (d. 'JC~,p = 18 Hz, C-4). 33.2 (d, 'Jcp = 7 Hz, C- 

(s. OCH3), 60.8 (s, CH2Ph), 128.6 [d, 3Jcp = 7 Hz, CH (nieta Ph)], 
128.9 [s, CH (para Ph)], 133.5 [d, 'JCp = 18 Hz, CH (ortho Ph)], 
111.1, 121.3, 130.7 [3 s, CH [An)], 133.4 [d: zJcp = 22 Hz, CH 
(An)], 127.3, 128.5: 129.2 [3 s, CH (CH,Ph)]. - "P{lH} NMR 
(CDC13, 101.25 MHz): 6 = ~ 15.6. - [a]$? = 32.1 (c = 0.21, dichlo- 
romethane, sample of 93% ee). ~ C24H26NOP (375.5): calcd. for 
Cz4Hz6NOP . 0.25 CH2C12 C 73.43, H 6.73, N 3.53; found 74.66, 
H 7.17, N 3.95. 

[3S, U (  RS)]-I -Benzql-S-[ (2' ,4' ,  ci'-trii?~~ttlzo~~,phen~~l~phen?lphos- 
phunyljpyrrolidinr [ (S, RSp)-13]: a) 2.4,6-Trimethoxyphcnyllithium; 
improved procedure: 2,4.h-Trimetlioxyphenyllithium was prepared 
from a solution of 1,3,5-trimethoxybenzene (12.5 g, 74 mmol) and 
N,N'-tctramethylethylenediamine (5.2 ml. 37.4 mmol) in 70 ml of 
hexane. To this solution n-butyllithium (23.4 rnl, 37.4 mmol) in 
hexane was added and the mixture was stirred overnight. Then pre- 
cipitated 2.4.6-trimethoxyphenyllithjum was separated from thc 
liexane solution and was washed with 100 nil o f  hexane. - The 
2,4,h-trimethoxyphenyllithium content of the reaction mixtures, 
obtained with varying amounts of 1,3,5-triinethoxybenzene; n-bu- 

tyllithium, and TMEDA was assayed by titrations with 2,5-dimeth- 
oxybenzyl alcohol[4]. This revealed that the yield of 2,4.6-trinieth- 
oxyphenyllithium (cdlcd. from n-butyllithium used) was increased, 
when excess I ,3,5-1rimethoxybenzene was used. The choice of di- 
ethyl ether, instead of THF (cf. as solvent for phosphane 
synthesis is necessary because 2,4,6-trirnethoxyphenyIlithiuln reacts 
very Fast with THE 

b) (S,RS,)- 13: 'To a solution of [3S,P(RS)]-l-benzyl-3-(phcnyl- 
phosphany1)pyrrolidine [(S,RS,)-29] (4.02 g, 15 mmol), dissolved 
in 100 in1 of THF, 3 g (75.8 mmol) of potassium metal was added 
in three portions. After 5 h of stirring, the THF solution was sepa- 
rated from rcmaining potassium metal. To the red phosphide solu- 
tion at -78OC was added 2.5 ml of trimetliylsilyl chloride (20 
mmol) by syringe. THF was evaporated in racuo and the solid 
residue was suspended in 100 ml of dichloromethane. Then 
hexachloroethane (3.54 g, 15 mmol) was added in three portions 
and the mixture was stirred for 3 d. Dichloromethane was evapora- 
ted in vacuo and the residue was dried 6 h at 50°C in vacuo. To 
the Schlenk tube containing the solid 2,4,6-trimethoxyphenylli- 
thiuin [cf. a)] at -78°C a suspension of the solid product of the 
hexachloroethane reaction in 100 ml of diethyl ether was added. 
The reaction mixture was stirred overnight. During this time the 
reaction mixture reached room temperature. Then 10 nil of meth- 
anol was added to delete excess 2,4,6-trimethoxyphenyllithium and 
the reaction mixture was concentrated in vacuo. The crude product 
was dissolved in 100 ml of 2 N HCI and 100 ml of dicthyl ether 
and was stirred overnight. Then the diethyl ether phase was separa- 
ted. The aqucous phase was further extracted twice with 100 ml of 

Table 5. Crystal data of Pd12 complexes with 3-(diphenylphosphanyl)pyrrolidine ligands, description of data collection, structural analysis 
and refinement and CSD numbers, file-IDs and formulae 

~ ~~ 

Compound (S,R)-8-Pd (R,R)-S-Pd (S,S)-kPd (S,S)-10-Pd 
Empirical formula C21H2612NOPPd C21H2612NOPPd C26H3712N2PPd C25H2812NOPPd 

* 0.5 CH2Cl2 * H20 *2 H20 

Mol. mass (g  mol-1) 

dcalcd. (g cm-3) 
Crystal dimcnsions [mm) 
Space group 

0, h, c (A) 

Q: P,r 
Volume (nm3). z 
20-Rmgz (+!-I, +k. +o. 
scan method 

Keflcctions (measured, unique, 
obs. [I>2 (z (I)] 

P (mm-1) 
Absorption correction: 
transmission min, max 

Parameters, FO / parametedal 

R. wR2 

GOOF, abs. struc.[b] 
CSD Nr.,file-ID 

Formula 

699.60 
2.009 

0.30, 0.25, 0.10 

P212121 (No. 19) 

8.283(5), 16.22(1), 
17.22( 1) 

90". 90", 90" 

2.313, 4 

4 - 5 0 ,  
Wyckoff 

16259,4076,2813 

3.55 

0.254,0.426 

245,11.48 

0.0574,0.1388 

1.714, -0.06(7) 
406468, S,R-I-Pd 

C21H2612NOPPd 

758.06 
1.889 

0.50, 0.40,0.20 

c2 (No. 5) 

10.937(2), 12.8 17(3 j, 
38.04(1) 

90". 91.75[2)', YO" 

5.330(2), 8 

Omega 

17945,9951,8832 

4 - 5 0 ,  

3.19 

0.381, 0.530 

523, 16.89 

0.0413,0.1093 

1.649,0.00(2) 
406469, RR-S-Pd 

C21 .sH29ClI2N02PPd 

804.75 
1.742 

0.25. 0.25,O.lO 

c 2  (NO. 5) 

27.15(2), 9.002(8), 
13.276(9) 

90", 109.74(6)", 90" 

3.054(4). 4 

4 - 5 0 ,  
Omega 

11091, 5372,4509 

2.71 

0.316, 0.411 

299, 15.08 

0.0490,0.1269 

1.454, -0.02(4) 
406470, S,S-9-Pd 

C26H4 i W W 2 P P d  

749.65 
1.871 

0.25,0.10,0.05 

P212121 (No. 19) 

9.164(6), 13.851(8), 
20.97(2) 

90", 90", 90" 

2.662(3), 4 

Omega 

14803,4672,4351 

4 - 50, 

3.094 

0.667, 0.730 

281, 15.48 

0.0222,0.0502 

1.738, -0.02(2) 

C25H2812NOPPd 

406471, S,S- 10-Pd 

All nonh drogen atoms were refined with anisotropic thermal parameters; hydrogen atoms were included in calculated positions (riding 
model). - x 1 The parameter according to Flack[26] is givcn. 
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diethyl ether and then 100 ml of 40% KOH solution was slowly 
added. (S,RS,)-l3 was extracted with diethyl ether (3 X 100 inl). 
The collected diethyl ether solutions were filtered through Celite 
and conceiitratcd in vacuo. Thc pi-oduct was dried 6 h at 50°C 
in viicuo. 

1 {3S,Y ( R S )  1-1 - Benzyl-3- {(2' I 4'.6'- trinietl io,~?~phen~~l~pheliyl-  
phosphan~~l~p~rrolidine-P-N]~iiodopallu~i~im [(S,RSMp)-l3-Pd]: 
Crude (S,RSp)-13 (2.82 g, 6.5 mmol), NaT (15 g, 100 mmol), 1 nil 
or water, and Na2PdC14 (2.02 g, 6.8 mmol) were allowed to react 
in 100 ml of acetone [cf. synthesis of (S.RShip)-12]. Flash chroma- 
tography with ethyl acetate (gradient raised to 50%). dichloro- 
methane on silica gel, separation into both diastereomers with ethyl 
acetate (25%)/toluene by preparative column chromatography and 
crystallisaliori from dichloromethane/tolueiie solutions yielded 
pure diastereomers that, upon reaction with KCNK71, yielded the 
diastereomerically pure phosphanes (S,S,)-13 and (S,R,)-13. We 
m7ere not able to remove solvent residues, because the phosphanes 
(S.Sp)-13 and (S,Rp)-13 were dried at room tcinperature in order 
to prevent epinierisatioii of thc phosphorus centei-. 

[ (33, P R) -1 - Benz.vl-3- {(Z ', 4' ,  6 '  - l r i i ~ i e i h o . ~ ~ p l i r ~ i ~ l ) p l i e n y ~ ~ ~ ~ ) ~ -  
p h u n ~ v l ~ ~ ~ ~ ~ ~ r o l i ~ ~ i r i ~ - ~  N ] ~ ~ i ~ o ~ ( i p u l l ( ~ ~ i u r n  [( S, Rh,,,)-1 3-PdI: Yield 2.38 
g (3 mmol). - <,.= 0.13 (toluene/25% ethyl acetate). - MS (FAB); 
?PI/=  (%): 796.1 (15) [M-1. 669.2 (100) [M+ ~ I], 540.3 (30) [M' ~ 

2 I], 434.3 (15) [M' - PdI21. - IR (KBr): P = 2958, 2929, 2871 
cin-' (C-H), 1594, 1574 (Ar), 1453, 1434. 1337, 1227, 1206, 1159, 

NMR (CD2CI2, 250.13 MHz): 6 = 2.04, 2.28. 2.44 (3 m, 6H. 2-H, 
4-H. 5-H), 4.25 (m. lH,  3-H), 3.45. 3.74 (2 s, c)H, OCH,), 3.70, 

1123, 1092, 1027 (C-P, C-N, C-0,  C-C), 741. 693 (Ph). - ' H  

5.67 (2 d, 2H, * J H H  =z 13 Hz, CH>Eh), 5.93 [d, ' J p H  = 3 Hz, CH 

(TMP)], 7.28 [m; 5H, CH (Ph)], 7.65 [m, 3H, CH (Ph)], 7.85 [ni, 

[s, C-4; C(5) X-ray], 35.1 [d, '.I(.r = 29 Hz, C-3; C(4) X-ray], 59.9 
[s, C-5; C(6) X-ray], 61.7 [d, Z./tr = 6 Hz, C-2; C(7) X-ray]. 64.5 
[s, CHlPh: C(10) X-ray], 56.3 (s. OCH3). 91.8 [d, 'Jcp = 4 HL: CH 

2H, CH (P-Ph)]. - "C{'H) NMR (CDLC12, 62.9 MHz): 6 = 27.3 

(TMP)]. 127.7 [d, 'Jcp = 11 Hz, CH ( P W ~ U  Ph)], 131.8 [s, CH (PCIKZ 

Ph)]. 133.5 [d, 'JCp = 8 Hz, CH (ortho Ph)]. 128.6, 12K.8, 130.6 [3 
S, C H  CHlPh]. - "P{'H) NMR (CDZCI,, 101.25 MHz): 6 = 19.6. 
- [a]% = 79.5 (c = 0.095: dichloromethane). - C2,H3,,I2NO3PPd 
(795.7): calcd. for C26H3012N03PPd . 0.5 toluene C 42.09. H 4.07, 
N 1.66: found C 41.91, H 4.23, N 1.75. 

[ (3S, PS-I-Benzyl-3-  { ~ 2 ' , 4 ' . ~ ' - t i ~ i m e t h o ~ ~ p l i e ~ i ~ I ) p ~ i e z ~ ~ ~ l ~ o s -  
phan~l~p~~rrolidinc-~N]diioc~opalludium [(S,SMp)-13-Pd]: Yield 2.38 
g (3 mmol). ~ Rr = 0.17 (tol~ene/25~/;1 ethyl acetate). ~ MS (70 
eV); IR (KBr): cf. (S,RMp)-13-Pd. - 'H NMR (CDZCI2, 250.13 
ICIHz): 6 = 2.04, 2.82 (2 m, 6H, 2-H, 4-H, 5-Hj, 4.25 (m. lH, 3- 
H), 3.45, 3.77 (2 s, 9H, OCH,). 4.25, 5.25 (2 d, 2H, 2JHH = 13 Hz, 
CH2Ph), 5.95 [d. 4JpH = 4 Hz, CH (TMP)], 7.17 [ni, 5H, CH (Ph)], 
7.60 [m, 3H, CII (Ph)], 7.77 [in. 2H, CII (P-PJi)]. - "C{'H) NMR 
(CD2Cl2. 62.9 MHz): 6 = 25.8 [s, C-4; C(5) X-ray], 35.7 [d. 'Jcp = 
29 Hz. C-3; C(4) X-ray], 59.7 [s, C-5; C(6) X-ray], 62.9 [d, 2Jcp = 

4 Hz, C-2; C(7) X-ray], 66.5 [s, C'H'Ph; C(10) X-ray], 56.1, 56.2 (2 
s, OCH'), 92.0 [d, 3Jcp = 5 Hz. CH (TMP)], 128.3 [d, 3Jcp  = 11 
Hz, CH (rnetu Ph)]. 131.6 [s, CH (pum Ph)], 132.2 [d, 'JcP = 8 Hz, 
CH (ortho Ph)], 128.8, 129.4, 130.5 [3 S, CH CH2PltI. ~ ''P'IH' t i  

NMR(CD2C11, 101.25 MHz): F = 24.0. - [a]% = 131.3 (C = 0.055, 
dichloromethanc). ~ C26H3012N03PPd (795.7): calcd. C 39.25, H 
3.80, N I .76; found C 39.26, H 4.59, N 1.82. 

Table 6 Crystal ddtd of Pd12 complexes 141th 3-(phosphany1)pyrrolidine type ligands with a chiral centre on the phosphorus atom. 
description of data collection, structiiial analysis aiid refinement and CSD numbers, tile-IDS and formulae 

Compound (S,RMp)-UPd (S3SMp)-12-Pd (S,RMp)- 13-Pd, (R,Sm)- 13-Pd (S,Sw)30-Pd 
Empirical formula C24H2612NOPPd C24H2612NOPPd C26H2812N03PPd C19H24I~N03PPd 

* 0 5 toluene["] 

Mol. mass (g mol-1) 

dcalcd. (g cm-3) 

Crystal dinlensions (mm) 
Space group 

a, b, c (A) 

CJ, P, I 
Vaiutne (nrn31, z 
20-Range (+h, ,k, fr). 
scan method 
Reflections (measured, unique, 
obs. [1>2 o (l)] 

11 (mm-1) 
Absorption correction: 
transmission min, max 

Parameters, Fo / parameterla] 

R, wR2 

GOOF, abs. struc.[bl 
CSD Nr.,file-ID 

Formula 

735.63 
1.928 

0.20, 0.15, 0.10 
P212121 (No. 19) 

8.559(2), 14.731(3), 
20.105(5) 

90, 90. 90 

2.535(1), 4 
4 - 50 

Wyckoff 
14795,4463,3649 

3.25 

0.445, 1.000 

272, 13.42 

0.0503, 0.1 106 

1.634, -0.02(5), 
406464, S,K-12-Pd 

C24H2612NOPPd 

1 

735.63 
1.970 

0.50,0.40, 0.25 
P212121 (No. 19) 

1.995(7), 13.906(7). 
14.873(7) 
90. 90, 90 

2.48112). 4 
4 - 50 
Omega 

17439,4404,4258 

3.32 

0.667. 0.730 

272, 15.65 

0.0191, 0.0461 

2.026, -0.04(2) 
406465, S,S-12-Pd 

C24H2612NOPPd 

846.74 
1.867 

0.40,0.20,0.10 
P1 bar(No. 1) 

8.558(2), 11.916(2), 
16.030(3) 

103.20(3), 103 10(3), 99.92(3) 

1.5062(5), 2 
4 - 50 

Onicga 
10539,5294,3347 

2.75 

0.463,0.553 

344, 9.73 

0.0526,0.1503 

1.743, - 
406466, 13-Pd 

C26H28I2N03PPd * 0.5Toluol 

705.56 
1.836 

0.25,0.25,0.15 
c2 (No. 5) 

21.772(7), 14.376(6), 
19.283(6) 

90, 122.24(2), 90 

5.105(3), 8 
4 - 5 0  
Omega 

9379,4695,3576 

3.23 

0.588. 0.796 

488, 7.32 

0.0545, 0.1623 

1.567, 0.04(6) 
406467, S.S-30-Pd 

C19H2412N03PPd 

La] All nonh drogen atoms were refined with anisotropic thermal araineters; hydrogen atoms were includcd in calculated positions (riding 
iiiodel). ~ The parameter according to Flack[2hl is given. - 1 cp Disorder . of CH3 groups of toluene (situated near the inversion center). 
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(3S, P S )  -1 -Benzyl-3-[ (2',4',6'-trimethox)lphenyl)phenylphos- 

phunyl]pyrrolidine [(S,Sp)-131: Yield 1.30 g (3 mmol). - MS (70 
eV); m f z  (%I): 435.2 (5) [M+], 344.2 (20) [M'~ - CHTPh], 276.2 (30) 

- IR (KBr): 0 = 2958, 2929. 2871 cm-' (C-H), 1594, 1577 (Ar), 
[TMPPhPH], 159.1 (100) [M' - TMPPhPH], 91.1 (90) [CHzPh]. 

1495, 1464 (C=C, C-N), 1457, 1436, 1406,1378, 1330, t261, 1205, 
1158, 1117, 1027 (C-P, C-N, C-C), 743, 697 (Ph). - 'H NMR 
(CDCI,, 250.13 MHz): 6 = 1.82 (m, lH, 4-€11), 2.22 (m, lH, 4- 
H2), 2.35 (m, 2H, 2-H', S-FI'), 2.72 (m, 2H, 2-H', 5-H'), 3.3 (m, 
IFI, 3-H), 3.72, 3.60 (2 s, 911, OCH3), 3.54, 3.64 (2 d, 2H, 2 J ~ H  = 
13 Hz, CN,Ph), 5.98 [d, 4JpH = 2 Hz, CH (TMP)], 7.13,7.24,7.49, 
7.63 [4 m, 10H, CH (Ph)]. - I3C{lH} NMR (CDCl?, 62.9 MHz): 
6 = 28.9 (d, 2Jcp = 14 Hz, C-4), 32.0 (d, kJcp = 5 Hz, C-3), 53.9 

55.6, 56.0 (2 s, OCH3), 91.3 [s, CH (TMP)], 128.0 [d, 3Jcp = 5 Hz, 
CH (mrta Ph)], 128.7 is, CH (para Ph)], 131.7 [d, 'JCp = 15 Hz, 

(d, 3Jcp = 5 Hz, C-5), 60.6 (d, 2Jcp = 6 Hz, C-2), 60.9 (s, C'HlPh), 

CH (ortho Ph)], 127.4, 128.6, 129.4 [3 % CH (CH#h)]. - 31P{1H) 
NMR (CDC13, 101.25 MHz): S = -23.3. - [a]? = 31.0 ( C  = 0.45, 
dichloromethane). - C26H30N03P (435.5): calcd. for Cz6Hl0NO3P 
. 2 diethyl ether C 69.96, H 8.63, N 2.4; found C 69.96, H 7.8, 
N 2.27. 

f3 S, PR)  -1 - Benzyl-3- [ (2', 4',  6'- t r  imethoxypheny1)phenylphos- 
phunyl/pyrrolidine [(S,Rp)-13]: Yield 1.30 g (3 mrnol). - MS (70 
eV); mlr ("h); IR (film): cf. (S,Sp)-13. -~ 'H NMR (CDC13, 250.13 
MHz): 6 = 1.82 (m, 1H; 4-H1), 2.05 (m, lH, 4-H2), 2.35 (m, 2. 2- 
H', 5-H'), 2.82 (m, 2H, 2-H2, 5-H2), 3.4 (m, lH, SH), 3.71, 3.58 

[d, 4 J ~ ~  = 2 Hz, CH (TMP)], 7.12, 7.30, 7.53, 7.79 [4 m, IOH, CH 
(2 S. 9H, OCH3), 3.54, 3.64 (2 d. 2H, ' J H H  = 13 FIz, CHzPh), 5.98 

(Ph)]. - "C{'HJ NMR (CDC13, 62.9 MHz): S = 31.1 (d, 2Jcp = 

30 Hz, C-4), 31.7 (d, ' Jcp  = 8 Hz, C-3), 54.8 (d, 'J<:p = 4 FIz, C- 
5), 59.2 (d, ' J C p  = 23 Hz, C-2), 60.2 (s, CH2Ph), 55.1, 56.1 (2 s, 
OCH,), 91.3 [s, CH (TMP)], 128.0 [d, 3Jcp = 5 Hz, CH (mzetu Ph)], 
128.6 [s, CH (para Ph)], 131.6 [d, 'JCp = 16 Hz, CH (orrho Ph)], 
127.2, 128.5, 129.2 [3 S, CH CH2PhI. - 31P{'H} NMR (CDCI,, 
101.25 MHz): 6 = -24.2. - [a]g = -34.9 (c  = 0.36, dichloro- 
methane). - C26H30N03P (435.5): calcd. for C26H3,,N03P . 2 di- 
ethyl ether C 69.96, H 8.63, N 2.4; fond C 69.84, H 7.93, N 2.36. 

[ ( 3 S, P S )  -3 - { ( 2 ' .  4 ' ,  6' - Tr im e t h o x y p h  en y I )  p h e ny lph os- 
phanyljpyrrolidine-~fl]diiodo~alladium f(S,SMp)-36;Pd}: the ligand 
was obtained in a reaction with [3S,P(RS)]-l-benzoyl-3-(phenyl- 
phosphany1)pyrrolidine [(S, RSp)-28] as starting material instead of 
(S,RSp)-29 in the synthesis of (S,RSp)-13. From crude ( S , R S M p ) -  
30-Pd obtained with Na2PdC14, NaI in acetone (cf. synthesis of 
(S,  RSMp)-13) this diastereomerically pure complex could be iso- 
lated by preparative column chromatography with acetone (12.5%)/ 
toluene and crystallisation from dichloromethane/toluene solu- 
tions; yield 200 mg (0.28 mmol). - MS (FAB); mlz (YO): 705.2 (15) 
[M'], 578.2 (100) [M+ -- 11. 450.4 (30) [M+ - 2 I]. - TR (KBr): 0 
= 3200 cm-l (N-H), 2960, 2921, 2849 (C-H), 1591, 1570 (Ar), 
1468. 1456, 1409, 1337, 1261, 1228, 1205, 1158, 1126, 1093, 1024 

250.13 MHz): 6 = 1.91 (s, IH, NH), 2.25, 2.36 (2 m, 6H, 2-H. 4- 
H, 5-H), 4.95 (m. lH, 3-H), 3.48, 3.76 (2 s, 9H. OCH3). 6.0 [d, 
4JpH = 4 Hz, CH (TMP)]? 7.07 [m, IH, CH (Ph)], 7.33 [m, 2H, 
CH (Ph)], 7.85 [m, 2H, CH (Ph)]. - 13C{'H} NMR (CD2C12, 62.9 
MHz): 6 = 28.9 [s, C-4; C(5) X-ray], 35.2 [d, *Jcr = 30 Hz, '2-3; 
C(4) X-ray], 54.9, (s, OCH3), 55.0 [s, (2-5; C(6) X-rayJ, 57.6 [s, C- 

11 Hz, CH (meta Ph)], 130.6 [s, CFI @am Ph)], 132.7 [d, 2Jcp = 8 
Hz, CH (orrho Ph)]. - 31P{iH) NMR (CDzCI2, 101.25 MHz): 6 = 
21.3. - [a@ = 59.6 (c = 0.136, dichioromethane). - C19H2412N- 
03PPd (705.6): calcd. for C,9H2412N03PPd . 1/2 toluene C 35.95, 
H 3.75, N 1.86 found C 36.18, H 4.28, N 2.08. 

(C-P, C-N, C-0, C-C), 815, 806 (Ph). - 'H NMR (CDZCl2, 

2; C(7) X-ray], 90.8 [d, 3JCp 4 Hz, CH (TMP)], 127.2 [d. 3 J c p  = 

Mixture of [( .~S,2'S)]-3-jD~hen~lphosphan~~l)-l-([(l ' -neo- 
pent3 I ~ p y r ~ o h d m - Z ' y l ] m e t h ~ : l ) - 3 - d ~ p h e n y ~ ~ ~ o s p ~ a ~ y ~ ~ p ~ r ~ o ~ ~ ~ ~ ~ n ~ -  
P,N]dzrodopailudrum ( A , )  and of {[(3S,ZtS)-3-( Diphen- 
ylphosphuny1)-I- [[ ( l 'neopentj  l j p )~rro l id in -2 ' - v l ]me thy l ) -  
pyrrobdine-eNj N]iodopallad~um)~od~de ( B )  - "Pjl H} NMR 
([D,]acetone, 101 26 MHz) 6 = 48 2 (B), 43 9 (A), integration 1 2 
- [a]:: = 41 2 ( r  = 0.059 in acetone). - C26H371TN2PPd (768.8): 
calcd. C 40.62, H 4 85, N 3 64, found C 40.60, H 5 04, N 3.53. 

X-ray Structure Determmution~ Data collection Sternens P4 dif- 
fractometer, Ma-& (h  = 71 073 pm), graphite monochromator, 
measuring temp T = 173 K with the exception T = 243 K for 
(S,S)-N-Pd, absorption correction with %'-scan (ellipsoid model) 
Structure analysis dnd refinement program SHELXTL V5 O3L4*j, 
solution wiht Patterson method, full-matrix least-squares refine- 
ment Details including CSD numbers, file-IDs and formulae are 
displayed in Tables 8 and 9 Further details of the crystal-structure 
mvestigations are available on request from the Fachmformations- 
zentrum Karlsruhe, Gesellschaft f i r  wissenschaftkh-technische In- 
formation mbH, D-76344 Leopoldshafen-Eggenstein, Germany, on 
quoting the depository numbers. 
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298 K): coalescence spectrum with broad resonances for 
(C-2)-(C-4). "C{'H)NMR (20.15 MHz, 298 K): 2 d for 
(C-2MC-4) 12 diastereomcrs (fast intcrconversion of rotamers 
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on the NMRtime scale)]. 
L4'1 E. Jurasti. A. Martinez-Richa. A. Garcia-Rivera. J. S. Cruz- 

Sanchez, J Org Chem 1983, 48, 2603-2606, M R Winkle, J 
M Lansinger, R C Ronald, J Chein Soc, Chon Commun 
1981. 404-405 

L4'1 SHELXTL V.5 03, Siemens Analytical X-ray Instruments, 
Inc , 1995 

[97032] 

I006 Chem. Ber.lRecuei[ 1997, 130, 989- 1006 


