
ELSEVIER 
Coordination Chemistry Revrl-ws 

155 (1996) 35-68 

Structure and dynamics of chiral ally1 complexes of Pd(I1): 
N spectroscopy and enantioselective allylic alkylationl 

Paul S. Pregosin, Renzo Salzmann 
Inorganic Chemistry, ETH Zentrum, CH-8092 Ztire’ch, Switzerland 

Received 31 August 1995 

Contents 

Abstract. ........................................ 35 
1. Introduction ..................................... 36 
2. Solution characteristics of chiral ally1 complexes ...................... 37 

2.1. 
2.2. 
2.3. 
2.4. 
2.5. 
2.6. 

Nitrogen chelates and ‘reporter’ ligands ........................ 37 
NOE studies on chiral phosphine complexes ...................... 41 
MM2* and the chiral pocket ............................ 50 
Fhenyl-phenyl stacking ............................... 54 
2-D exchange NMR: dynamics of the q3-CjHS and q3-PhCHCHCHPh ligands ...... 56 
syn-anti Isomers; 13C NMR ............................ 60 

3. Summary ....................................... 63 
Acknowledgement .................................... 66 
Bibliographic List .................................... 66 

unds’, be they simple nitrcs en chelates CM relatively eamplieatad 
8 compounds, is explored. These NMR 
btle (ally1 hybridization, phenyl-phenyl eta 
e of the ehiral pocket) structural featu 

palladium-ally1 complexes. Combined with X-ray crystallography and MM2* c 
one can learn how the BINAP, CHIRAPHOS and JOSIPHOS families of chiral 
steric effects to transfer chiral information. A relatively rigid chiral pocket seems a necessary, 
but not sufficient, condition, since an intrusive chiral pocket leads to syn-anti isomers. Two- 
dimensional exchange NMR has shown unexpected selectivity with respect to ally1 isomeriza- 
tion. The $-# isomerization can be under either electronic or steric control. The terminal 
ally1 13C chemical shifts in 1,3-diphenylallyl palladium( II) complexes of various ehelate li 
are discussed. 
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Scheme 1. Mechanistic scheme for the catalytic allylation 

considered [ 18,193. These fundamental steps are clear; however, the way in which 
the auxiliary transfers its chiral information is still somewhat clouded. 

Another interesting aspect (and potential problem) in much of this synthetic ally1 
chemistry concerns possible ally1 isomerization reactions. An q3-n ally1 can isomerize 
to an +0 ally1 counterpart: 

l+allyl ql-allyls 

then react further with a reagent, e. 
isomerization mechanism for ally1 c 

many years with Failer [IN] and Vrieze [2 
contributions. An $-rl 4 -$ mechanism is 

] (both with and without 
sic research involved achiral camp 
Hr ally1 anions. Consequently, alth 

cannot readily extrapolate to more camp 

ive mixtures of products, 
eet of research for 

2. Solution characteristics of chid ally1 complexes 

2.1. Nitrogen chelates and ‘reporter’ ligands 

Structural coordination chemistry is almost synonymous with X-ray diffraction 
work, and, given the abundant literature [24], Pd-ally1 chemistry is no exception. 
It is possible to take a somewhat modified view of the word ‘structure’, in that one 
can often (but not always) assume that the composition and gross features of a chiral 
ally1 complex are known. The more pertinent questions in enantioselective catalysis 
now address themselves to the subtle interplay between the chelate auxiliary and the 
coordinated substrate in one or more diastereomers in solution. One approach to 



1. Chdating Nitrogen Reporter Ligands. 

2. Simple $-Ally1 Ligands 

exe-methylene cyclogentene 

d into an ally1 complex such that 
ens OF the ally1 moiety to 

$1. If properly position 

in rhochm chemistry; see Ref. [2’7] 
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complexes with molecular weights in the range ca. 500-1000, one generally observes 
strong NOES when the proton spin: are ca. 2.5-2.7 A apart, medium-to strong NOES 
when the distances are ca. 2.7-3.0 A and weak NOES over 3.0 A. In fact, measuring 
and interpreting NOES can become somewhat complex for higher molecular weights 
and/or molecules which are tumbling slowly at low temperature; however, this is a 
general NMR problem and not related to ally1 chemistry [28] (On several occasions 
the molecular weight of the compound under study, and/or slow motions due to low 
temperatures and higher viscosity of the solvent, resulted in NOE cross-peaks with 
the same phase as the diagonal. This proved to be the case in two recent studies on 
chiral ferrocene bis-phosphine complexes of Hg(I1) and Ag( I), although not specifi- 
cally mentioned in these papers; see Ref. [ 291.) 

The cationic complexes [ Pd(allyl)(N,N)] + [26,30] l-3, N,N = bipyridine (bipy), 
1, phenanthroline (phenan), 2, and biquinoline (biquin), 3, ally1 = C3H5, 
C4H,, C&H9 and CLOHIS, see Scheme 2, proved to be useful test molecules. X-ra I 
diffraction studies, [ 26,30,31] had shown that, for the bipy and biquin complexes, 
1 and 3, the chelate protons indicated by arrows, can ‘intrude’ differently into the 
ally1 coordination sphere with the latter coming much closer. 

H 1 H 

SY spectra, substantial in s were, in fact, observed, 
to the somewhat less intrusive 

away from the Pd atom 

and thus away from the reporter proton, while the syn proton remains close to the 
allyl-plane. Theoretical work [ 321 and diffraction studies [ 33,341 revealed that this 
bending of the anti ally1 proton is a general phenomenon for ally1 complexes and is 
not specifically related to the presence of palladium. 

This modest success using trivial chelating nitrogen ligands prompted a consider- 
ation of some structural aspects of the chiral spartein [35-371 and oxazoline 6381 
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1, SeiWn of the I# 2-D NOESY of cation [Pd($+pinene)( bipy)] + , revealing a selective correlation 
one ortho-bipy proton ( horizo xis with arrow) to the /I-pinene syrt-ptoton only (vertical axis 

with arrow). Note that thcrs is no to the anti-protons from the ortllo-bipy proton (the square 
indicates where the NO would have been). 



chelate complexes, and 5 respectively, both of which contain successful nitrogen 
auxiliaries in connection with enantioselective allylic alkylation. 

Analysis of the 2-D NOESY for 4 revealed short contacts between the ortho- 
phenyl protons of the ally1 ligand and a variety of the aliphatic spartein ring protons. 
Close inspection of these data lead to (a) a 3-D solution picture for 4 and (b) the 
conclusion that the anti phenyl ring intrudes sufficiently such that there is a much 
higher activation barrier for rotation about the anti phenyl C(allyl)-C(ipso) bond 
[36]. This conclusion is supported by a natural abundance 13C,13C exchange study 
(see Fig. 2) [36]. 

The 2-D NOESY for 5 immediately pin-pointed the important steric interaction 
between the oxazolineiPr and allyl-phenyl groups as indicated by the arrow in 5 
(see Fig. 3) [ 39). The related benzyl-oxazoline complex has also been studied [ 38). 
These inter-ligand steric interactions represent an important source of chiral differen- 
tiation in these oxazoline compounds. An analysis of these, together with 13C and 
X-ray data, permitted a prediction of the site of attack by the incoming nucleophile 
(and thus the absolute configuration of the product) [38]. Steric interactions se&- 
tively weaken the allyl-bonding to the Pd atom, thus creating an unsymmetrical 
electronic distribution in the ally1 such that the complex develops q’-alkyl- and 
q2-olefin-type characteristics: 

olefin side is more clectrophilic and is thus attacked preferentially by the 
nucleophile. The structure above ’ somewhat extreme; however, there are 

number of complexes whose ’ ne terminal ally1 
8 ppm, vide infra stive of olefinic character 
literature results 
teworthy that, a tale structure for showed the six- 

membered chelate rin to be puckered, the 2-D NOESY spectrum revealed a facile 
ring inversion process in solution [38]. 

2.2. NOE studies on chiral phosphirze complexes 

Because the various ortho-phenyl protons of the ally1 ligand in 4 and 5 could be 
probes, it was only a small jump to envision the use of ortho-phosphine 

phenyl protons of the chiral chelating phosphine ligands as reporters. In many 
chelating phosphine chiral auxiliaries, e.g. CHIRAPHOS or BINAP, there are four 
non-equivalent Paphenyl substituents which make up the chiral pocket: 

Assuming that one can assign the ortho-protons of rings A-D, 2-D NOESY 
methods should allow the 3-D solution structures for different ally1 compounds to 
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Structural 
complex. 

fragment showing a possible arrangement of the phenyl groups in a chiral (R)-BINAP ally1 

‘H NOESV 

-- 

-- 

1 

2 

3 

lWm 

fwm 8.0 
Fig. 3. Section of tha ‘I4 2-D NQESY of cation 5 revealing the selective cross-penks from the or~/rc~= 
protons of one allyl phe~lyl group (horizontal) to one of the two ‘Pr methine protons (lower left with 
arrows). There are also two cross-peaks to two of the four ‘Pr-methyl groups (500 MHz, CD,$ll,)O 

One complicated assignment problem concerned the CHTRAPHOS butenyl Pd( II) 
complex [ Pd(~3-CH3CHCHCH~)(S,S-CHIRAPHOS)]CF3S03, 6 [42]. Complex 6 
exists in four isomeric forms, A-D, two diastereomeric and two geometric, in the 
ratio 10: 10 : 1.7 : 1 respectively, see Scheme 3. 

The fragments A and B refer t.o the two different coordinated faces, whereas A 
and C indicate the syn and anti arrangements of the methyl group with respect to 
the central ally1 proton. 

I[n this mixture, the 31 P,‘H-correlation pin-points both the ally1 protons and the 
ally1 methyl signals (see Fig. 4), whereas the lH NOE spectroscopy (Fig. 5) allows 
a differentiation between the coordinated faces in A and B. Specifically, the distinction 
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Scheme 3. 
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4. Section sf tloe V,‘EP csrrel~rtisn ohs 
ective phosphorus rawnwxs. Note that 

( PA4 an8 P”4 are noted) and (b) there is no m cd cis-trans selecGvity in the 
group in that both 31P spins of each isomer esuple to this CM3 group. 

h isomer is visible 

This pinene ligand coordinates only one face [26,30], that remote from the 
C(CH& moiety (see Scheme 2), thus eliminating the problem of diastereomers; how- 
ever, as it is an asymmetric moderately-sized allyl, the ‘H-spectra are more complex. 
Nevertheless, the spectra for both the (R)- [46] and (S)-BINAP [47] analogs as well 
as the (S,S)-CHIRAPHOS [4S] /%pinene complex could be assigned. A comparison 
of the BINAP and CHIRAPHOS structures, based on the NOE work together with 
X-ray crystallography and MM2* calculations [48,49], showed that the phosphorus 
phenyl groups of the former bidentate li nd intrude more into the sphere of the ally1 
ligand than do those of the latter liga . Moreover, the equatorial phenyl groups 
intrude more into the sphere of the ally1 liyand than do the axial phenyl 



Seetisn of’ the I H 2- NOSY ~~v~~lin~ selective cerrelutions from the H* ullyl protons of the 
diarstereemerie isomers I and 2. here are two modcxate=+to-stron interactions f’rom the or&o-PPh2 
protons to H*2 but only one such interaction to WI, thereby helping to distinguish between these two 
diastereomers, 

the ehiral pockets between 
‘The former has a ghenyl array with 

eter, whereas in the latter, the ghenyl 
VW all of these differences, but 

nd, one can rationalize the 



PPhz 

PPhz 

7 (BINAP), major isomer 7 (BINAP), minor isomer 

IRAPHOS), major homer 

Scheme 4. Moleculur fragments showin 
ally1 in the two pairs of’ diastereomers 
gpB(q3=66bIB)(s,s=e~~~A~~ “a99CF3S03, 8. 

OS), mff\or hmer 

coordination of the q3ncxo-methylenccyclupentclle 
from 6Pd(r~3-CciHy)(R-BINA~)]CFSS03, 7, and 

‘The observed diastereomeric ratios for 

CBd(~3-ChW9)(R-BINAP)]C~3~~,, c9 and [ Pd(r13-C,Hg)(S,S-CHIRA~H~~)]CF3SOJ, 8, are ca. 8 : I and 
ca. 6 : 4 respectively. 

atoms of the five-membered ring thus destabilizing this diastereomer. In the complex 
of the less intrusive CHIRAPHOS, these steric interactions are not as pronounced. 

For several BINAP complexes it was possible to compare the solution structures 
(obtained with the help of MM2* calculations and NO s) with those determined 
via X-ray diffraction; one such comparison [48,49] is sh 

Recent work by Togni and co-workers [SO] has shown that modifications of the 
ferrocene-based ligand J SIPHOS, 9 (see Scheme 5) afford excellent chiral auxiliaries. 

As 9 is not a C,-typ helating ligand (indeed has no symmetry element) the P- 
pinene ally1 complex [Pd($-C,,H,,)(9 9 m&3 as two rotatiQ~a1 iso- 



mparison of the X-ray structure (bold) for CPd(43-eroH1S)~ia”)-BINAP}]~~~~~~ with the corre- 
calculated structure. Note that the di~~r~nc~ at the equatorial phenyl ring of PA (B) is marked, 
he agrement at the pinene ally1 Ii 

minor ieomer 

bum, differs from 

rstans to one 
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The six-membered P,P-chelate ring is in the form of a skew-boat, with the CH3 
of the chiral side-chain lying roughly parallel to the upper Cp-ring as shown: 

CY I + 
I cy’p (Cp, 

/ \ a P CH-D - 3 D 

Fragment of coordinated 9a in the pinene complex 10. 

in the solid-state structure of This conformation, which also exists 
W3 close to an 

H and has the two c ups away from the lower gs- 
conformation can cha 

fragment of lid 

In lid the CH3 group is above the upper Cp plane and close to the a-P-phenyl 
group (there is an N from the methyl to the ortho-protons of this ring) [Sl 

The JOSIPHOS yl groups in the /3-pinene complex [Pd(q3-C10H15) 
CF3S03, 10 [ 523, intrude more into the coordination sphere of the pinene-ally1 
in the analogous complexes [Pd(q3-ClOH,,)(S- INAY)]CF3S03, and 



(~3-C,&II,)(S,S-CHIRAPI-IOS)]CF,S0,. Under comparable conditions one finds 
strong NOES from the JOSIPHOS phenyl groups to the ally1 protons HC, Hd’ and 
Hf’, see Fig. 7. 

0s complexes one observes 
s to these protons from the 
of its ability to intrude into 
and. The nature of, and the 

and, for example, a 
s in conneetisn with their 

tacXI%l, 

is not an intrusive 
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These ligands are S (on carbon) and R (on iron) 

For the “phobyl” ( [X3.1 J-9-phosphabicyclonon-9-yl, 

complex thc~~ are two fused six-membered rings. 

sed sueeessfttlly in the en tioselective cross-couplin 

Because the larger lexes were almost equally 
effective, the chiral pocket was investigated using MM2* [SS]. The starting 
was a series of structures found via the Cambridge Crystallographic Structure 
Base (CCSDB) whose reference codes are as follows: 

The CCSDB search was restricted to five- and seven-membered chelating phos- 
phine rings of metal complexes, The numbers of structures found for each of the 
four structural types defined as RSS, R5, R75 and R7 (R==ring; the second number 
indicates the second fused ring) were: 

Arbitrarily, the four dihedral angles, P--M-P=- (ipso) were taken as a description 
of one aspect of the chit-al pocket, and these 16 experimental angles are shown 
in Table 1. 
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\ I 
a-a 

9 10 18 20 
Numbers = structures found; M = any transition element; a = carbon; b = C, N, 0 atoms. 

Histograms of these dihedral angles for two of the four queries, R7 and R75, are 
shown in Fig. 8. It is sufficient to note from the figure and Table 1, that there is a 
large spread of angles for the R75 family, and a much smaller distribution for R5 
and R55, with R55 narrower than R5 (histograms not shown). The distribution for 
the R7 family is dimodal (pseudo-axial and pseudo-equatorial phenyl groups), with 
well-separated modes and a narrow distribution about each mode. This reflects the 
presence of a preferred conformation in th* solid-state. 

All the ring conformations for the complexes PdClJchelate) were now calculated 
[53] using an extension to the MM2* force-field found in 
the chelate has been restricted to the four types 

MacroModel 4.5, where 

(these four are somewhat related to the types and R7 respectively). As 
previous MM?‘ calculations for ally1 complexes of Pd( II) were satisfactory 
the ally1 wns omitted in these new calculations in order to concentrate on 
auxiliary. To validate the force-field the conformations were calculated with the help 

e mean values for the calculated 

deviations are reproduced, This 
sts that the calculations are finding legitimate angular distributions. It is 
that the R7 family has a more restricted set of angles, thus indicating a 

rigid chiral pocket. From both sources, the CCSDB and the calculations, one finds 
that BIPHEMP (BINAP) and the DPPCP angles are relatively limited, but quite 
different, so that a coordinated substrate can exp t well-defined, relatively 
different chiral pockets in both cases. This may related to the catalytic 
tions, i.e. both BIPH MP and DPPCP functio asonably well. 

Fig. 7, Section of the ‘H 2-D NOESY for [ Pd(??J-C,oH,,)(9a)lCI;3SOJ indicating the selective NOES 
from the ortho- a and /I ring protons of the PPh2 moiety to various aliphatic protons of the CtoHtS ally1 
ligand. Specifically note the three arrows which indicate the cross-peaks arising from (top-to-bottom) 
H”, HQ’ and the methine ally1 protcn 61’. 



Table 1 
Mean values for the four torsional angles P-M-P-CipSO 

Experiment 135(5) 
MC Calc. 133(9) 

R5 Experiment 
MC Calc. 

R75 Experiment 
MC Calc. 

R7 Experiment 
MC Calc, 

143(S) 
140(11) 

173(6) 
l67( 15) 

W5) 
lOO(9) 

94(9) 
95(9) 

63( 10) 
71(18) 

124(5) 
122(8) 

129(6) 
127( 5) 

135( 14) 
143( 16) 

151(9) 
156( 13) 

108( 7) 
llO(6) 

105( 14) 
94( 25) 

csmparissns for the P--M-P-~ angles observed (X-ray) and calculated 
class%! of &elate. 

2. 

the chird pocket, what 
e site of attack’? In the N 



protons of the ally1 phenyl ring F. However, there is an unexpected feature in that 
one finds little or no NOE between the rings B and E. We believe that the rings B 
and E stack (see Scheme 6) and presumably move synchronously. Perhaps the ally1 
phenyl ring F finds more space between the C and D rings and can thus move more 
freely, but this may ljot be possible for the B and E phenyls. 

For the analogous 1,3=diphenyallyl [ Pd(q3-PhCHCHCHPh)( (S) -MeO- 
BIPHEMP)] + [ 531, 14, two isomers exist in solution in the ratio 4.3:l.O (for the 
methyl BIPHEMP analog this ratio is 3.8:1.0, and we shall return to these isomers 
in Section 2.5). For the major isomer of 14a, there is only a very small NOE between 
the C and F phenyl rings (see Scheme 6) again suggesting ring stacking. Potentially 
important is the observation that, as with 13, the site of attack in the catalytic allylic 
alkylation of 14 (based on the absolute configuration of the observed organic 
product) corresponds to the terminal ally1 carbon closest to the stacking. Further, 

stacking 

nucleophile 

Fragment of the DPPCP complex 13 showing the stacking of rings l3 and E plus 

the site of nucl~ophilic attack (based on the observed product). 

aromatic 

nucleoghile 

Frament of the major isomer of the Me0BIPHEMP complex 14a, showing the 

stack of rings C and F plus the site of the nucleophilic attack (five-membered 

e and anion omitted for clarity). 

Sclvmc 6. Stacking of’ 1,3-diphenylallyl ligands. 



recent ‘%IIY evidence [S3] suggests that the stacking is associated with a relative 
weakening of the Pd-C (terminal ally1 carbon) bond. 

This phenyl-phenyl stacking has also been observed [51] in both the solid and 
solution states in some JOSIPHOS complexes and, consequently, may be an impor- 
tant, but subtle, structural feature. Obviously its relevance is specific for the 
1,3=diphenyl ally1 ligand when the auxiliary has P-phenyl substituents. Currently, 
this phenyl ring-stacking is best considered as the compromise that the complex 
makes in order to accommodate the two proximate phenyl groups. Moreover, its 
existence implies that ‘testing’ new chiral auxiliaries using a 1,3-diphenylallyl sub- 
strate does not necessarily reflect on the general utility of the new auxiliary, but 
rather how well it ‘tunes’ to the particular ally1 intermediate. 

Scheme 7 shows a generalized ~3-$-~3 mechanism for the inter-conversion of ally1 
rotational isomers via exchange of the ally1 face, together with a mechanism for 
exchange of syn and anti substituents. 

In route 1 an initial q3-q%somerization could give a three-coordinate ‘T’ [56] (or 
solvated four-coordinate) complex. Isomeriaation of one T-shaped isomer to another, 
rotation around the Pd-C bond and then reformation of the $-isomer leads to a 
new rotational isomer. in route 2 the #-isomer can rotate around the sp2--sp3 C-C 
bond and then reform the $-isomer. This leads to face change together with syn-anti 

1 isomerizes; this has been shown by 

ounds, It has become clear 

15, is illustrative 

nd 17 exist as mixtures of isomers in 



Two rotational isomers of 16 

and 17 in four forms (both rotational and syn-anti isomers, see Scheme 8). 
The ally1 isomerization equilibria for 16 and 17 could 

exchange spectroscopy [ 581, since these interconversions 
mally [59] ca. 0.1-1.0 s -? For 16 the exchange is selective 
to the stronger P-donor, i.e. there is electronic control. 

--1+ P.pd.s -1+ .s ) P. 
Pd 

* c 4 
P,S &elate = 15 

be followed by ‘H 2-D 
are relatively slow, nor- 
and the ally1 opens trans 

As shown below, and in more detail in the bottom half of Scheme 8, for 17 the 
1,3-diphenylallylallyl opens trans to the thioether, i.e. there is steric control [ 581. 

Perhaps the $-17’ process trans to the P-donor is fast, but reversible for 17, so that 
we only have isomerization when the ally1 opens away from the larger PPhz moiety, 
In any case, the 1,3=diphenylallyl ligand is simply too big to be comfortable cis TV 
the PPh2 fragment. These results for compounds 16 and 17 show that the C$=&, 
anion is a poor model for the PhCHCHCHPh anion. Fig. 9 shows an additional 
advantage of 2-D exchange spectroscopy. The two syn-anti minor isomers are in 
such low abundance that one would not have thought them to be chemically pertinent 
without the observed strong exchange cross-peaks indicating an equilibrium. 

Based on the results for 16 and 17 one might tend to think that the isomerization 
of the smaller C3HS ally1 is always electronically controlled, whereas that for the 
1,3=diphenylallyl compound is dominated by steric effects. For the two rotation4 
isomers of the JOSIP OS complex [ Pd(~~3-C3H5)( 9a)] ‘. , 1% abbreviated below a 
selective I~~-$-$ isomerization involving opening of the Pd-C bond cis to the 
PCy, and trans to the PPhz moiety was observed [ 521. 



H 

major isomer minor isomer 

Abbreviated rotational isomers of [ Pd(q3-C3Hs)(9a)] + (see Scheme 5 for JOSIPHOS). 

This is an interesting observation in that the trans influence of the PPhl aryl phosphine 
moiety is generally smaller than that for the alkyl phosphine PCy, donor. As the bulk 
of the PCy, group may play a role, the ally1 isomerization for the fot:c $4Z3 
palladium complexes [Pd(~3-C3H5)(JOSIPHQS)]‘, Ha-d, (see Scheme 5j7 with the 
JQSIPHOS ligands 9a-9d, were studied, These complexes which differ in R1 and 
R2, and thus have diKerent electronic and steric effects, include ligands 9a and 9b in 
which the R’ and RZ substituents have been ‘exchanged’. The results are summarized 

hows a section of the corresponding ‘H 2-D spectrum for 
The lower left corner of Fig. 10 shows exchange 

2. The remainder of the spectrum shows the specific, 

four from each isom 



Ph m 

I- 
Ph'p--Pa- 

p.-=--Ph 

I 
Ph 

Ph 

Ma 14b 
Abbreviated forms of the syn-syn and syn-anti isomers of complex 14. 

Route 1. Ally1 Face Change 

L2 

R 
/ 

3 
P,d -L* 

R L2 

Route 2. Ally1 Face hangc and syn/anti Ieiornerizotion 

i2 i2 



Ph 

bomerization Mschanism 

P s 
‘I’ 
Pd 

rh rh 

l-4 

P s 
.115-11’ ‘I” 

m Pd 
away from the Ph 
P-atom 

I rot. sp3-Eip2 
all yl carbon8 



PPm . 2 . 0 
Fig. 9. Section of Ihc 1 t-t 3 NQESY (CDCt3, 296 K) of 19 showin 1116: vtirisus cxchzmye QCi\kS. The 
protons L\ Ed b ux trans to sult’srr, Note lhLp al~nost invisible signals (d illId c) with which the two mi\,jur 
isomers oxchange. 

shows that these are in equilibrium, and Fig, 11 demonstrates this for the methoxy 
methyl signals, Again, the exchange is selective both in the ally1 and methoxy regions, 
with one ally1 proton of the major isomer in exchange with just one ally1 proton in 
the minor isomer. The minor syn-anti isomer can exist in two forms which differ 
wirL respect to the placement of the anti phenyl group relative to the BIPHEMP 
phenyl groups. The exchange and data clearly point to as the correct 
structure. Remember that complex a stacks the phenyl groups indicated with 
the arrows. 
It is tempting to think that the repulsive interaction between the stacked rings leads 
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to an $-isomer in which this strain is relieved. Subsequent rotation around the 
sp2-sp3 C-C bond and reformation of the ~~3-complex would give 14b. 

Recent studies [53] have also shown the existence of syn-anti isomers in palladium 
1,3=diphenylallyl complexes with BIWAP- and JOSIPHOS-containing complexes; also, 
other relatively large intrusive (nitrogen) ligands have been found by Akermark and 
Hansson [ 60:. Since the syn-anti isomer is no longer uncommon, if not usually 
prevalent, one should note that the observed relative populations of these syn-syn 
and syn-anti isomers frequently do not always correlate with the observed enantio- 
merit excesses for these chiral auxiliaries. Perhaps one allylic terminus is attacked in 
one isomer and the other in the second isomer. Alternatively (and more likely), the 
rates at which these diastereomeric isomers react with the carbon (or nitrogen) nucleo- 
phile are different. In any case, the recognition of these isomers may be important. 

Although not directly related to either the structure or the dynamics of ally1 
complexes, the subject of terminal ally1 *-‘C chemical shifts [61] for the 
1,3-diphenylallyl palladium compounds deserve a comment. Table 2 contains these 
values for a series of [ Pd(q3-PhCHCHCHPh)(chelate)] + cations. 

In all cases where the chelate is chiral (there are also achiral P,P- and N,N-ligands 
included for comparison) the two terminal ally1 carbons have different chemical 

hex difkrenees can be quite substantial, e.g. 18.5 ppm for the major isomer 
Moreover, some of these terminal ally1 

some olefin-like character. It is 
e individual chelate PIPh rings 

substituents) and the 1,3-d 
r an auxiliary with t 

two ally1 cglrbsn termini, 
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There has been some literature discussion [ 383 on the use of these I3 
shifts to predict the site of attack of the incoming nucleophile in catalytic 
The subject is open, and there is at least one other equally attractive proposal, not 
related to 13C data, involving steric effects in the excited state complex [ lo,38 3; 
however, we note that where large 13C-differences are observed, there seems to be 
some correlation in that, based on the absolute configuration of the observed or 
product, it is indeed, the high frequency (more olefin-like) carbon-site that is attacked. 

3. Summary 

The idea of ‘reporter ligands’, be they simple nitrogen chelates or relatively compli- 
cated chiral bidentate phosp??ine compounds, seems to have potential. The use of 
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Table 2 
13C NMR dataa for the 1,3-diphenylallyl complexes 

Chelate Central ally1 13C Terminal ally1 13C 

(R)-BIBHEMP 

(S)-MeO-BIPHEMP 

(S)-BINAPb 
(S,S)-DIOP 
(S,S)-CHIRAPHOS 
(+)-DPPCP 
DIPHOS 
(K)-(S)-JOSIPHOS” 

(S)-(R)-PHOBIPHOSd 
17 (syn-syn major) 
17 (syn-syn minor) 
TMEDAb 
BIPY b 
BIQUINOLINEb 
AMPY b 
so 
(S)-PhIM PHOSr 

(R)-CyIMPHOS’ 

(+)-MePHOS” 

110.1 17.01 major 
107.7 C7.0) minor 
109.4 [7.5] Enajor 
ca. 107 minor 
111.3 C7.0) 
112.1 (s,br) 
112.5 [ 7.51 
112.4 [7.5] 
113.6 [7.4] 
110.9 [6.5] major 
112.6 (s,br) minor 
110.8 
112.4 
111.0 
108.9 
108.5 
112.1 
108.4 
108.1 
111.9 (s,br) 
111.9 (s,br) 
111.9 (s,br) 
111.9 (s,br) 
112.88 c7.03 
111.57 [7.0] 
111.25 [6-O] 
110.2 [6.0] 

103.1 C22.0, 6.01 
99.5 C25.0, 6.01 
103.3 c21.5, 5.51 
98.2 
104.6 [S.O] 
95.5 [ 22.01 
90.1 C24.2, 8.1) 
91.2 c21.5, 7.51 
91.7 [ 16.01 
96.4 [ 19.8, 3.11 
90.2 [6.1-J 
100.7 
97.5 (tr, ? atom) 
9S.2 
78.9 (s) 
78.9 (s) 
83.2 (s) 
78.5 (s,br) 
74.2 
105.9 [21.0] 
103,9 [21.0] 
104.5 [ 23.01 

103.0 [ lS.O] 
103.2 [ 14.01 
95.9 [24,0] 
97.4 [23,0] 

85.7 c30.0, 7.01 
91.2 c30.0, 7.01 
84.8 c30.0, 7.01 
90.7 
87.2 
92.9 [ 2?.0] 
88.1 [25.5, 9.61 
89.0 C23.5, 8.51 
91.7 [ 16.01 
82.0 [29,0, 3.01 
89.6 (s, br) 
80.8 
83.4(tr, S atom) 
84.0 
78.9 
78.9 
83.2 
78.5 (s,br) 
81.8 
66.9 
68.9 
67.9 (br) 

I391 
70.0 [6.8] 
69.7 C6.83 
71.4 [I 1.2] 
69.3 [ lO.8] 

condition, since an intrusive chiral pocket leads to syn-anti isomers which may 
result in a reduced ee. ‘H 2-D exchange NMR has shown some unexpected selectivity 
with respect to ally1 isomeriaation, thereby hc;lping to identify different diastereomeric 
forms of catalyst precursors in solution. The rlJ-9’ isomerization can be under either 
electronic or steric control. Quite probably, the various syn--syn and syn-anti diaster- 
eoemeric complexes crrn react at different rates so that their presence may or may 
not be a problem. The terminal ally1 13C chemical shifts in these palladium(H) 
complexes could conceivably provide an indirect probe with respect to which ally1 
carbon will be attacked, but this presumes an ‘early’ (ground-state-like) transition 
state which, as yet, has not been proven. 
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