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Abstract 

The DANTE technique and NOESY two-dimensional method have been em- 
ployed to observe the isomerization of the chiral cationic complex [Pd(q3- 
CH,CMeCH,(P-P’)]+ (la), where P-P’= the chiral chelating ligand (S)(N-di- 
phenylphosphino)(2-diphenylphosphinoxymethyl)py~o~dine. The rate constant was 
found to be -=x 0.5 s-r in CHCl, at 295 K and 1.50 s-l in the presence of added 
free ligand. In the latter case the epimerization proceeds by a ?r--u--r mechanism via 
the intermediacy of a primary ~l-allylpalladium complex. Although the intermediate 
was not detected, the NMR findings reveal that it has the allylic terminus $-bonded 
to palladium. The structure of la in its PF,- salt has been determined. The 
compound crystallizes in the orthorhombic space group P2,2,2i with a 10.029(4) b 
19.203(8) c 36.115(6) A, 2 = 8, R = 0.0572 and R, = 0.0712 for 3716 observed 
reflections with I > 3a(I). 

Introduction 

Chiral organometallic compounds have attracted considerable interest as cata- 
lysts for asymmetric carbon-carbon bond formation [l]. Among this wide range of 
reactions much attention has been focused on allylic alkylation catalyzed by group 
VIII metals [2]. It is widely accepted that in allylic alkylation catalyzed by 
palladium compounds the key intermediates are rr-allyl-Pd(P-P’)+ complexes, 
generated by oxidative addition of an allylic acetate to a phosphine palladium(O) 
species, and that the turn-over limiting step as well as the stereodifferentiating step 
is the attack of the nucleophile on the ally1 moiety. Since the empirical applied 
procedures [3] are far ahead of the theoretical understanding, small variations in the 
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nature of the reactants still produce unpredictable results. In the search for higher 
enantioselectivity we thought it of interest to establish how the stereoelectronic 
properties of a suitable chiral chelating ligand change the properties of allylation 
intermediates and products. NMR spectroscopy proved to be very valuable for this 
purpose, and enabled determination of the stereochemistry and the chirality in 
solution of the two diastereoisomeric forms of the complex [Pd(n’-C,H,(P-P’)]+X- 
(l), (where P-P’ = the chiral chelating ligand (( S)( N-diphenylphosphino)(2-diphen- 
ylphosphinoxymethyl)pyrrolidine)) = (( S)-Prolophos) and X- = BF,-, PF,- ) and of 
the trans influence of the coordinated ligand analyzed [4]. We report here the X-ray 
structure and the dynamic behaviour in solution of the PF,- salt of complex 1 in 
optically pure form. 

Results and discussion 

The ligand and complex 1 were prepared and fully characterized as previously 
reported [4,5]. Complex 1 exists in solution in two diastereoisomeric forms la and 
lb, in equilibrium ratio (CHCl,, 295 K) la/lb = 2.5/l; their structures were 
assigned on the basis of NMR data. Slow recrystallization of the diastereomeric 
mixture from methanol gave crystals of pure la (X- = PF,-) suitable for an X-ray 
diffraction study. 

(la) (lb) 

Description of the structure 
Crystals of la consist of [Pd( q3-C,H,)((S)-Prolophos-P-P’)]+ cations and PF,- 

anions, with the packing determined by van der Waals interactions. The shortest 
contact between cations and anions is F(4). . . H(112), 2.46 A. The asymmetric unit 
consists of two independent PF,- anions and two [Pd( q3-C,H7)(( S)-Prolophos)- 
P-P’)]+ cations. The atomic coordinates for the refined model are reported in Table 
1. Selected bond distances, angles and torsion angles are shown in Table 2. The 
main differences between the two cations essentially relate to the conformation of 
the phenyl rings of the ligand ((S)-Prolophos) which lie in an approximately axial 
position with respect to the P-Pd-P plane. For molecule 1 the C(121)-C(126) and 
C(221)-C(226) planes are essentially perpendicular to each other (dihedral angle of 
91”) whereas in molecule 2 the corresponding C(321)-C(326) and C(421)-C(426) 
planes are almost parallel (14” ). Small differences are observed in the conforma- 
tional parameters of the seven-membered rings (see Table 2) which, in both 
molecules are in the boat-type conformation, with the oxygen atom lying in the 
coordination plane. Such a conformation of the ((S)-Prolophos) moiety has been 
observed in all the previously reported complexes containing this diphosphine 
ligand ]5,6], which under the influence of packing requirements, can more readily 
adjust, by rearrangement of the conformation of the phenyl groups, than can the 
rest of the molecule. Although the essential features of the two cations are clear, the 
molecular parameters are somewhat affected by high e.s.d.‘s. The final difference 
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Table 1 

Fractional atomic coordinates for non-hydrogen atoms 

Atom X Y z 

Wl) 
P(l) 
pm 
o(l1) 
N(31) 
c(l1) 
c(21) 
c(4u 
Cw 
c(61) 
CJ71) 
c(81) 
c(91) 
c(101) 
c(ll1) 
Wl2) 
Wl3) 
cjll4) 
c(ll5) 
c(ll6) 
c(l21) 
W22) 
w23) 
cil24) 
c(125) 
c(l26) 
c(211) 
C(212) 

c(213) 
c(214) 
c(215) 
c(216) 
c(221) 
c(222) 
c(223) 
c(224) 
c(225) 
c(226) 
W2) 
P(3) 
P(4) 
W2) 
v32) 
W2) 
c(22) 
c(42) 
C(52) 
C(62) 
C(72) 
C(82) 
c(92) 
C(102) 
C(311) 
C(312) 

0.7333(l) 
0.9512(4) 
0.6844(4) 
0.806(l) 
1.031(l) 
0.913(2) 
0.973(2) 
1.181(2) 
1.206(2) 
1.080(2) 
0.719(2) 
0.591(2) 
0.542(2) 
0.534(2) 
1.050(2) 
1.047(2) 
1.124(2) 
1.179(2) 
1.184(2) 
1X5(2) 
0.965(2) 
0.911(2) 
0.916(2) 
0.980(2) 
1.028(2) 
1.034(2) 
0.603(l) 
0.5941) 
0.538(2) 
0.477(2) 
0.48q2) 
0.543(2) 
0.578(l) 
0.461(2) 
0.392(2) 
0.431(2) 
0.549(2) 
0.618(2) 
0.9756(l) 
1.1046(4) 
1.1314(4) 
1.250(l) 
1.153(l) 
X226(2) 
1.126(l) 
1.200(2) 
1.117(2) 
1.127(2) 
0.809(2) 
0.807(2) 
0.798(3) 
0.844(3) 
1.032(2) 
0.916(2) 

0.80295(6) 
0.7806(2) 
0.6%1(2) 

0.6404(5) 
0.738q6) 
0.6492(8) 
0.7192(8) 
0.739(l) 
0.730(l) 
0.7212(9) 
0.9085(8) 
0.8772(9) 
0.851(l) 
0.861(l) 
0.8592(8) 
0.9062(9) 
0.971(l) 
0.982(l) 
0.932(l) 
0.867q9) 
0.727q7) 
O-7553(9) 
0.715(l) 
0.653(l) 
0.631(l) 
0.6674(S) 
0.6938(7) 
0.7531(7) 
0.7540(8) 
0.6942(S) 
0.6353(S) 
0.6351(8) 
O-6537(7) 
0.6197(8) 
0.588(l) 
0.5944(9) 
0.625(l) 
0.655(l) 
0.%169(6) 
0.9144(2) 
1.0414(2) 
1.0538(5) 
0.9741(6) 
1.0850(7) 
1.0471(7) 
0.9612(S) 
1.015(l) 
1.0795(8) 
0.8918(g) 
0.907(l) 
0.986(l) 
0.860(l) 
0.8435(7) 
0.8598(S) 

0.71420(3) 
0.7300(l) 
0.6904(l) 
O-6878(3) 
0.6979(3) 
O&15(4) 
0.6611(4) 
0.6954(5) 
0.6554(6) 
O-6339(4) 
0.7348(4) 
0.7387(5) 
0.7039(5) 
0.7756(5) 
0.7404(4) 
0.7121(5) 
0.7193(6) 
0.7504(6) 
0.7775(6) 
0.7740(5) 
0.7719(4) 
0.8041(5) 
0.8380(6) 
0.8357(5) 
0.8057(5) 
0.7720(4) 

0.6460(3) 
0.6255(4) 
0.5905(4) 
0.5782(4) 
0.5968(4) 
0.6306(4) 
0.7239(4) 
0_7183(4) 
0.7465(5) 
0.7808(5) 
0.7872(6) 
0.7605(6) 
0X0872(3) 
0.055ql) 

-0.0082(l) 
0.0206(2) 
0.0847(3) 
0.0566(4) 
0.0799(4) 
0.1236(4) 
0x45(5) 
0.1195(4) 
0.0175(4) 

-0.021q6) 
-0.0269(6) 
-0.0538(7) 
0.0842(4) 
0.1005(4) 
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Table 1 (continued) 

Atom x Y z 

C(313) 

C(314) 

C(315) 

C(316) 

C(321) 

~(322) 
C(323) 

C(324) 

C(325) 

C(326) 

C(411) 

C(412) 

c(413) 

c(414) 
C(415) 

C(416) 
C(421) 

c(422) 

c(423) 
C(424) 

C(425) 

C(426) 

P(lO) 

P(llI 

F(l) 

F(2) 

F(3) 

F(4) 

F(5) 

F(6) 

F(7) 

F(8) 

F(9) 

WO) 

Wl) 

F(l2) 

0.853(2) 

0.922(2) 
1.027(2) 

1.091(2) 

1.241(l) 

1.236(2) 

1.345(2) 

l&9(2) 

1.482(2) 

1.377(2) 

1.073(f) 

0.957(2) 

0.924(2) 

0.995(2) 

1.112(2) 

1.158(2) 

1.2342) 

1.3542) 

1.420(2) 

1.358(2) 

1.230(2) 

1.163(2) 

0.2837(5) 

0.6557(5) 

0.146(l) 

0.223(l) 

0.281(2) 

0.291(2) 

0.410(l) 

0.346(2) 

0.642(2) 

0.525(2) 

0.588(Z) 

0.781(2) 

0.666(2) 
0.703(2) 

0.809(l) 

0.745(l) 

0.7316(g) 

0.7808(7) 

0.8731(7) 

0.8388(8) 

0.8079(9) 

0.8115(9) 

0.8425(9) 

0.8770(8) 

1.1282(7) 

1.1525(8) 

1.2203(9) 

1.2659(8) 

1.2404(9) 

1.1731(8) 

1.0114(7) 

0.9883(7) 

0.962(l) 

0.953(l) 

0.974(l) 

1.0046(9) 

0.5245(3) 

1.0496(3) 

0.5113(9) 

0.554(l) 

0.4581(9) 

0.5911(6) 
0.535(l) 

0.489(l) 

0.9767(7) 

1.037(l) 

I .0763(9) 

1.059(2) 

1.1165(7) 
1.022(l) 

0.1245(5) 

0.1283(5) 

0.1121(4) 

0.0883(4) 

0.0359(4) 

0.0012(4) 

- 0.0169(4) 

0.0037(5) 

0.03545) 

0.0520(4) 

- 0.0203(4) 

-0.0081(4) 

-0.0151(5) 

- 0.0355(4) 

-0.0481(5) 

-0.0416(4) 

-0.0461(4) 

- 0.043q4) 
-0.0731(5) 

-0.1061(5) 

-0.1118(5) 

-0.0816(5) 

0.1496(l) 

0.1065(2) 

0.1675(4) 

0.1156(3) 

0.1281(6) 

0.1677(5) 

0.1313(4) 

0.1832(4) 

0.0946(5) 

0.128q6) 

0.0717(S) 

0.0879(5) 

O-1276(5) 
0.1412(4) 

Fourier map revealed residual peaks, especially in the region of the ally1 moiety of 
molecule 2, and these may be attributable to a small degree of disorder, which is 
also reflected in high thermal parameters for the refined atoms and precludes a 
more detailed discussion. 

NMR results 

Formula A shows the labelling of the 31P and ‘H resonances and the primes (‘1 
denote the signals of the corresponding minor isomer. The isomerization of la 

a 
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Table 2 

Selected bond distances (A), angles (deg.) and torsion angles (deg.) with e.s.d.‘s in parentheses for 

complex la 

e 

(a) Distances (A) 

Pd(l)-P(1) 

Pd(l)-P(2) 

Pd(l)-c(71) 
Pd(l)-C(81) 

Pd(l)-C(91) 

P(l)-N(31) 
N(31)-C(21) 

c(21M-w) 

c(llww) 

0(11)-P(2) 
N(31)-C(41) 

c(41wX51) 
C(51)-C(61) 
C(61)-c(21) 

P(l)-C(111) 

P(l)-C(121) 

P(2)-C(211) 

P(2)-C(221) 

c(71)-c(8U 
C(81)-C(91) 

C(Sl)-C(101) 

P(lO)-F(1,6) 

average 

Bond angles (deg.) 
P(l)-Pd(l)-P(2) 
Pd(l)-P(l)-N(31) 

P(l)-N(31)-C(21) 

N(31)-C(21)-C(l1) 
c(21)-C(ll)-o(11) 

C(ll)-qll)-P(2) 

O(ll)-P(2)-Pd(1) 
C(21)-N(31)-C(41) 

N(31)-C(41)-C(51) 

CJ41)-C(51)-C(61) 

C(51)-c(61)-C(21) 

C(61)-C(21)-N(31) 

c(ll)-c(21)-C(61) 

c(71)-c(81)-C(91) 
c(91)-c(81)-c(101) 

C(71)-C(81)-C(101) 

2.299(3) 
2.278(3) 
2.16(l) 
2.20(l) 

2.17(l) 

1.624(S) 
1.50(l) 

1.47(l) 

1.44(l) 
1.623(7) 

1.51(2) 

1.47(2) 

1.50(2) 
1.45(l) 

l&i(l) 

1.83(l) 
1.80(l) 

1.81(l) 

1.43(2) 

1.44(2) 
1.49(2) 

1.486 

97.5(l) 
112.4(3) 

124.5(7) 
112.2(9) 

114.6(9) 

121.2(6) 

117.0(3) 
109.7(9) 

103.(l) 

112.(l) 

106.(l) 

108.q9) 

109.3(6) 

112.(l) 
122.(l) 

125.(l) 

Pd(2)-P(3) 

Pd(2)-P(4) 

Pd(2)-C(72) 
Pd(2)-C(82) 

Pd(2)-C(92) 

P(3)-N(32) 
N(32)-C(22) 

C(22)-cQ2) 

c(l2)-002) 

W2)-P(4) 
N(32)-C(42) 

CX42)-c(52) 
C(52)-C(62) 
C(62)-C(22) 

P(3)-C(311) 
P(3)-C(321) 

P(4)-C(411) 

P(4)-C(421) 

C(72)-C(82) 
C(82)-C(92) 

C(82)-C( 102) 

P(ll)-F(7,12) 

average 

P(3)-Pd(2)-P(4) 94.3(l) 
Pd(2)-P(3)-N(32) 111.3(3) 

P(3)-N(32)-C(22) 123.3(6) 

N(32)-C(22)-C(12) 114.5(S) 

C(22)-C(12)-o(12) 114.3(S) 

C(12)-0(12)-P(4) 121.7(6) 

0(12)-P(4)-Pd(2) 115.8(3) 

C(22)-N(32)-C(42) 109.3(S) 

N(32)-C(42)-C(52) 100.2(9) 

C(42)-C(52)-C(62) 103.(l) 

C(52)-C(62)-C(22) 102.6(9) 

C(62)-C(22)-N(32) 106.2(8) 

C(12)-C(22)-C(62) 108.5(8) 

C(72)-C(82)-C(92) 109.(l) 

C(92)-C(82)-C(102) 129.(l) 

C(72)-C(82)-C(102) 120.(l) 

(b) Torsion angles (deg.} within the seven-membered rings 
Pd(l)-P(l)-N(31)-C(21) 2.9 Pd(2)-P(3)-N(32)-C(22) 

2.302(3) 
2.272(3) 
2.16(l) 
2.28(2) 
2.25(2) 
1.642(S) 

1.44(l) 
1.50(l) 

1.45(l) 

1.595(7) 

1.50(l) 

1.53(2) 

1.53(2) 
1.56(l) 

1.87(l) 
1.73(l) 

1.82(l) 

1.81(l) 

1.44(2) 
1.54(2) 

1.52(2) 
1.485 

- 4.9 

P(l)-N(31)-C(21)-c(l1) - 92.5 
N(31)-C(21)-C(ll)-O(H) 59.9 
C(21)-C(ll)-0(11)-P(2) 48.9 

C(ll)-O(ll)-P(2)-Pd(1) -70.7 
O(ll)-P(2)-Pd(l)-P(1) - 4.6 

P(Z)-Pd(l)-P(l)-N(31) 43.7 

P(3)-N(32)-C(22)-C(12) - 85.7 
N(32)-C(22)-C(12)-O(12) 53.2 
C(22)-C(12)-0(12)-P(4) 57.2 

C(l2)-0(12)-P(4)-Pd(2) - 66.7 
0(12)-P(4)-Pd(2)-P(3) - 15.2 

P(4)-Pd(2)-P(3)-N(32) 55.6 
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~(116) 

Fig. 1. ORTEP drawing for complex la (first independent molecule); thermal ellipsoids are drawn 
probability. 

at 30% 

(shown in eq. 1) can be readily monitored by 31P NMR spectroscopy (Fig. 3). 

la + lb 0) 

When la was dissolved in CDCl, at 213 K, the ‘*P spectrum revealed the presence 
of only a trace of lb. When the temperature was raised, a progressive increase of the 
signals of the second isomer occurred, and at 295 K the spectrum of the thermody- 
namic mixture was observed; it consists of two sets of doublets: 6 72.9 (Pb), 122.2 
(Pa) for la and S 74.0 (Pb’), 124.8 (Pa’) for lb. NMR spectroscopy is very powerful 
in qualitative and quantitative investigation of dynamic processes [7]. Since no 
averaging of chemical shifts and couplings was observed in the ‘IP and ‘H spectra 
of 1 at 293 K we conclude that under the conditions used the isomers la and lb are 
undergoing slow exchange (i.e. they appear static on the NMR time scale). Provid- 
ing that the exchange rate is not slower than the relaxation rate of the examined 
spin system, slow processes can be monitored by 2D- and ID-exchange spec- 
troscopy [9,10]. On the basis of the negative results of both 2D-‘H and 2D-3’P 
chemical exchange spectra and 31P magnetization transfer measurements on 1 
(CDCl,, 295 K), Ti being 1.6 s and 2.0 s for Pa and Pb, respectively, the rate 
constant for the exchange shown in eq. 1 must be GL 0.5 s-l. Isomerization of 1 
occurs more rapidly on addition of a trace of ((S)-Prolophos). Although the 31P 
spectrum of 1 under these conditions remained unchanged and no signals from the 
free ligands or new species were detected, a DANTE spin saturation transfer 
experiment [lo] on this sample provided evidence for a dynamic process. The higher 
field line of Pa was excited, and transfer to the corresponding line of Pa’ was 
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CC621 

Fig. 2. ORTEP drawing for complex la (second independent molecule); thermal ellipsoids are drawn at 

30% probability. 

observed (Fig. 4). These findings indicate that the exchange represented by eq. 1 is 
now occurring on a time detectable by the NMR method. Analysis of the data (Fig. 
5) shows that the isomer&&ion rate constant for 1 in the presence of added 

Pa’ 

( b) 
4 1 

I r I 

lb J i 
(0) 

,~~“(1’1~1’~1’1”r’11”111”‘11’~11”~~1~~ 
140 120 100 60 60 

Fig. 3. 31P(‘H) (81.015 MHz., CDCI,) spectrum for complex 1: (a) at 213 K, (b) at 295 K. 
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Irradiated 

I 

Fig. 4. Intramolecular magnetization transfer in complex I (81.015 MHz. CDCI,, 295 K) in the presence 
of added (S)-Prolophos with irradiation of the higher field line of Pa by a DANTE sequence. Each 
spectrum was accumulated after the delay shown after the selective inversion. Note that the signal from 

the exchanging site (higher field line of Pa’) initially decreases in intensity, which is followed by a return 

to equilibrium magnetization. 

((S)-Prolophos) is 1.50 s-l in CHCl, at 295 K. Addition of a substantial excess of 
((S)-Prolophos) caused the appearance in the 31P spectrum of the signals of the free 
ligand as broad singlets at 6 114.0 (PO) and 6 46.4 (PN). A DANTE spin saturation 
transfer procedure was carried out with this sample. Irradiation of the PN resonance 
at 6 46.4 led to excitation transfer to 72.9 (Pb). Accordingly the 31P 2D-chemical 
exchange spectrum shows exchange between both arms of free and coordinated 
((S)-Prolophos) (Fig. 6), thus suggesting that the isomerization of 1 involves 
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PO 

I 

; 

0’ 

4, 
5-J 

01 
t: 

I 

50 

Fig. 6. Counter plot of the “P exchange spectrum (NOESY sequence) of l(81.015 MHz, CDCI,, 295 K) 
in the presence of added (S)-Prolophos. The diagonal and a few cross peaks of lb are under the 

threshold of the plot. 

detectable isomerization of 1 proceeds by a ~-O---B mechanism involving formation 
of an #-allylpalladium intermediate exclusively at the allylic carbon opposite to PN. 

Conclusion 

An X-ray diffraction study of complex la has confirmed the stereochemistry 
assignment based on NMR findings [4]. Dynamic NMR measurements indicate tha? 
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Me 

Me’ 

b 

a 

r_r-ry--_-, ~r-_--v-r-~ - MT-- 

5 1 -mm 

Fig. 7. (a) Aliphatic region of the ‘H spectrum of 1 (200.13 MHz, CDCl,, 295 K) (b) and (c): cross 
section of the ‘H exchange spectrum (NOESY phase sensitive sequence) of 1 (200.13 MHz, CDCl,, 295 
K) in the presence of added (S)-Prolophos. Negative and positive absorptions indicate exchange and 
proton NOE’s, respectively, (b) shows exchange between the protons b and a’; (c) shows exchange 
between the protons a and b’. 

this complex readily isomer&s by a Q-U-W mechanism involving formation of an 
$-allylpalladium bond exclusively at the allylic carbon opposite to PN. 

Experimental 

Complex 1 was prepared by a published method [4]. The NMR spectra were 
recorded on Bruker AC-200 and Varian XL-200 spectrometers. Magnetization 
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Table 3 

Crystallographic data 

Formula C,, H A NOP, Pd 
F.w. (amu) 1537.84 

Crystal system orthorhombic 

Space group P2,2,2, 

a (A) 10.029(4) 

b (A) 19.203(S) 

c (A) 36.115(6) 

u (AJ) 6955(7) 

Z 8 

%lc.d (g cm 
-3 

1 1.469 

P(M~-K,) (cm-‘) 7.19 

Min. transmission factor 0.97 

Crystal dimensions (mm) 0.l2x0.10x0.18 

Scan mode w 

w-scan width ( D ) 1.3 + 0.35 tan 8 

B-range ( o ) 3-25 

Octants of reciprocal space explored + h, + k, + I 
Measured reflections 6786 

Unique observed reflections with I z 3a(I) 3716 

Final R and R, indices a 0.0572, 0.0712 

No. of variables 461 

ESD ’ 2.253 

0 R = [C(F, - k ) F, 1)/W,], R, = [Cw(F, - k ) F, f)2/-X.,F:]“2. ’ ESD = [E.w(F, - 

k I F, I)*/( Nobsewations - Nvariables)l”*; w =l,‘(o(F,))*; o(F,) = [02(I)+(0.041)2]‘J’2/2F0Lp. 

transfer experiments were carried out by the DANTE pulse sequence. Typically a 
series of a hundred 3.2 pus pulses spaced by 0.625 ms provided a selective rr pulse at 
the centre frequency, and was followed by a delay time, which was varied from 100 
ms to 10 s before a non-selective ?r/2 observe pulse was applied. Values of T, were 
determined by the inversion recovery method. The NOESY spectra were obtained 
using standard pulse sequences [13] with a mixing time of 2 s. 

X-Ray data collection and structure determination 
Crystal data and other experimental details are summarized in Table 3. The 

diffraction experiment was carried out on an Enraf-Nonius CAD-4 diffractometer 
at room temperature and using MO-K, radiation (X 0.71073 A). The calculations 
were performed on a PDP 11/34 computer using the SDP-plus Structure De- 
termination Package [14]. The diffracted intensities were corrected for Lorentz and 
polarization effects and absorption (empirical correction) [15]. Scattering factors 
and anomalous dispersion corrections for atomic scattering factors of non-hydrogen 
atoms were taken from ref. 16. 

The structure was solved by conventional Patterson and Fourier methods and 
refined by full matrix least-squares, with minimization of the function CW( F, - 
k 1 F, /)2. Anisotropic thermal factors were refined for Pd, P, and F atoms. Except 
for those of the ally1 moiety, the hydrogen atoms were introduced at calculated 
positions, and were not refined. The choice of the correct enantiomorph was made 
on the basis of previous knowledge of the absolute configuration of C(21) and C(22) 
in the proline moiety. Nevertheless the refinement of the other enantiomer was 
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tested, and yielded only slightly higher I? and R, indices (0.0574 and 0.0714, 
respectively). The final difference Fourier synthesis showed maxima residuals of 0.4 
e/A3. 
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