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Isomerization-free reactions of dienyl carbonates (1 ~ —3) with chelated amino acid ester enolates at =78 °C provide important information
concerning the mechanism of these dienylations. The formation of regioisomeric products can be explained by competing S n2/Sn2' reactions,
and the product distribution can be influenced by proper choice of the reaction conditions.

m-Allyl palladium complexes play an important role in substrate®\1 andA2 (Scheme 1)-allyl palladium complex
modern organic synthesisWith respect to the different  B1is formed via nucleophilic attack of P8 A nucleophile
synthetic applications, the allylic alkylation is probably the can react with this allyl complex at both allylic positions. In
most popular applicatioh.Herein, az-allyl complex is general, attack on-allyl palladium complexes occurs at the
attacked by a nucleophile such as an amine or a stabilizedsterically least hindered position, giving rise to linear
carbanion (in general malonate). Starting from the isomeric substitution produd€1.? According to this simplified model,
: one should expect the same product distribution, independent
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Scheme 1. Detailed Mechanism of Pd-Catalyzed Allylic
Alkylation and Dienylation
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tion of the allylic substrate in the ionization step also plays

a crucial role because substrates of tyy#can ionize not
only to thesyn-complexB1 but also to theanti-complex
B2, as well’ The higher ratio of branched producg can
be explained by a higher reactivity of tlamti-position in
complexB2 compared to theynposition in complex31.4>8
This effect is relatively strong in reactions with small
substituents (e.g., B CHs). The anti-complexB2 is also
formed from the (Z)-substrat3.

A more complex situation is when the higher unsaturated

compounds such as dienyl substra@sare reacted.

in the presence of Pd cataly$ta/hile in tungsten-catalyzed
reactions, the branched prod#& was the major on&. The
same regioselectivity can also be observed with other transi-
tion metals, such as molybdentior iridium.*2 In principle,

the product formation can be explained hy-allyl palladium
intermediateE1, but detailed studies by Trdsand Béck-
vall** indicated that the situation is much more complex.

For example, if branched substrdd® was reacted, the
linear product~1 was also the major one besideg. This
is quite surprising becaud®? can formz-allyl complexes
E1l andE3, as well, and therefore all three produEts—F3
can be expected. In additioBD2 should be able to form an
anti-vinyl allyl complex? analogue td2 (not shown here
for clarity reasons), which should favor the formatioriFaf*

In contrast, substrat®3, which should deliveF2 and F3

via intermediatde3, gave rise to a mixture of produdid —

F3, while F2 was the major one. These results can be
explained by an isomerization of theallyl intermediates

via E2,2® although the different product distribution is
surprising. As an alternative, the formation et from E3

can also be explained by an allylation undg2'Sonditions.
Unfortunately, under the standard reaction conditions used
for malonate allylations/dienylations, no differentiation be-
tween the mechanistic pathways can be made because under
these conditions isomerization is rather f&sBn the other
hand, if it is possible to suppress these isomerizations, one
should be able to obtain important information about the
mechanism of these dienylations.

For several years, our group has been investigating allylic
alkylations of amino acid8and peptides? These substrates
are able to form highly reactive chelated enolates which allow
allylic alkylations at—78 °C. At this temperature, isomer-
ization processes can be suppressed efficiéhiiis is also
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true with terminalz-allyl palladium complexes of typ8, also here the linear product was the preferred one (entry 2).
which provided important information concerning the already Interestingly, beside$ also theE/Z-isomer4' was observed
mentioned memory effeéd. Therefore, we decided to in significant amount (36% of the linear product).
investigate these chelated enolates also in reactions of dienyl

substrated —3 (Table 1). These substrates were chosen to

- s

Table 1. Dienylation of Chelated Enolaté

COOt-Bu

NHTfa

faHN_ _COOf-Bu The significant amount ob probably results from the

N
QCOOE /\/\j memory effect and can be explained by the reaction
XX 0t-Bu TR mechanism (Scheme 2). Substratean undergo ionization
1 Tfaw 4
or 2equiv ZrC G +
OCOOEt 2 mol % [Pd(allyCly;] | BHN~_COOt-Bu .
o~ = 6 mol % PPhs Scheme 2. Formation of Isomeric Produc#—6 from Dienyl
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_X-
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o
reaction  yield ratio  dr (antisyn) P K\\/\
entry substrate conditions (%) 4:5:6 5 6 PdL, Fl’ oL,
1 1 —78°C,16h 92 55:22:23 97:3  65:35 :/ - \j a H2 \j
2 2 —-78°C,16h 64 54%31:15 90:10 33:67
3 3 —-78°C,16h 87 36:13:51 95:5 50:50 M lb > lb' N
4 1 rt 83 37:20:43 92:8 61:39 4 Nu Nu g mu
5 2 rt 25 35%:16:49 88:12 42:58
6 3 rt 41  31:12:57 94:6 35:65

M
aProduct contains 36%E(Z)-isomer4’ (GC). P Product contains 12% Nu
isomer4' (GC). 6

S
Nu
6"

get results which can directly be compared to those obtained
with the malonates. According to Scheme 1, substrate3
should lead to produc#—6, while the product distribution
should depend on the relative ratio of the allylic complexes
E1-E3 (R = Me). To suppress the isomerization as much

from two different conformation$,which results in the
formation of the two m-allyl complexes H1 (syn/syn-
complex) andH2 (anti/syn-complex), whileH1 is the
thermodynamically favored one. Therefore, at higher tem-
gerature, where both complexes are in equilibrium, this

as possible, we used an excess of enolate to speed up th .
- oo .~ complex should be enriched. Both complexes can be attacked
nucleophilic substitution. As substrates, the corresponding . " ; \ .
at both allylic positionsd, b), as well as in a @' fashion

carbonates were used, which are more reactive than the(c) Nucleophilic attackst and a’ both provide the same
(commonly used) acetates. The reactions were carried out " P P

at —78 °C, a temperature which allowed isomerization-free produc_ts, while the at_tacks*_.)/c andb'/c’ give rse to the
) . N . . isomeric products. This might be an explanation for the
reactions with “normal” allylic substrates. In the reaction of

linear substratel, as expected, the linear produttwas relatively high amount 0% obtained. The formation @ is

formed preferentially as puré=(E)-isomer. But in contrast the result of attack on H1, and the isomeric produd

to the results obtained by Trost and Béackvahe branched with a (Z)-dogble bond was not observed. This is in good
products5 and6 were obtained in a comparable amount as agreement with observations made by the Akermark gfoup

a 1:1 mixture (Table 1, entry 1J.5 ws formed in nearly that the anti-position (') of syn/anti-complexes is the

diastereomerically pure form (97% ds) whéevas obtained ;ignifigantly more reactive one. In the dienyl complgxes
as a 2:1 isomeric mixture. Especially the high rati®efas mve_stlgate_d here, they3' attack at the_termlnal pos_ltlon
surprising, because its formation can only be explained by (Cl) IS olbvkll(_)uhsly the pre;ergtzj onea T;t's also explains the
a) a partial isomerization, or b) a significant participation of relatively high amount of (E/Z)-produd.

a S2' attack. Therefore, we next switched to substiate It also indicates that complexeﬂ a’.‘dH? are formed in
Under identical reaction conditions, the yield was lower, but comparable amounts and that isomerization of the complexes
under the reaction conditions used is relatively slow, at least

in comparison to nucleophilic attack of the enolate. However,
if the isomerization of the complexd4l andH2 is very
slow, one can also exclude an interconversion of the allyl
complexesEl and E3 (via E2).
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Table 2. Dienylations of Chelated Enolaté3 with Various Substrates
Ot-Bu

Sy
Tfal

N0
2equv Zn" G TraHN.__COO#Bu  TraHN___COOtBu  TraHN.__COOtBu
OCOOEt 2 mol % [Pd(allyl)Cl)]
M)\ 6 mol % PPhg P PN P N P

THF, react. cond.

7 8 9 10
reaction yield ratio dr (anti:syn)
entry substrate R conditions (%) 8:9:10 8 9 10

1 7a Me —78°Ctort,16 h 89 91%:0:9 92:8
2 7b Et —78°Ctort,16 h 85 76:15%:8 91:9 >97:3 50:50
3 7b Et rt 60 48:15:37 77:23 92:8 50:50
4 7c Ph —78°Ctort,16 h 96 78:12:10 87:13 >97:3 56:44
5 7c Ph rt 45 49:5:46 84:16 >97:3 63:37

aProduct contains 10%E(Z)-isomer8a’ (GC).° Product contains 2%E(Z)-isomer9d’ (GC).

Therefore, we turned our attention to the branched If the reactions were carried out at room temperature, the
substrate8 which on ionization should give rise to these two yield was lower because of side reactions and also the
allyl complexes. In high yield, the branched prod@avas diastereoselectivity decreased, but again, the amount of non-
obtained preferentially. This is also quite reasonable becauseconjugated producO increased, supporting the assumption
6 can be formed from both allyl complex&si andE3). In that the deconjugated product is the thermodynamic one.
addition, a significant memory effect might participate. In conclusion, we have shown that in dienylations of
Obviously,6 is the thermodynamic product addhe kinetic chelated enolates isomerization processes of the palladium
one. This observation is in contrast to the results obtained complexes involved can be suppressed and that the formation
with amines and malonaté€4? To prove this assumption, of isomeric products is the result of competing2&52'
we carried out the reactions also at room temperature (entriegeactions. By choosing proper reaction conditions (kinetic
4—6), conditions where ther-allyl complexes should be or thermodynamic control), the product ratio can be ma-
more or less in an equilibrium. Indeed, under these condi- nipulated, at least in part. Further investigations, especially
tions, the relative amount @& could be increased on cost of on the chirality transfer from optically active substrates, are
the linear product. In these cases, the yield obtained was currently in progress.
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