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ABSTRACT

A palladium-catalyzed domino sequence was developed to rapidly construct the core structure of neosarpagine and other quinuclidine-related
alkaloids. The cyclization of ketone 11 to ethylidene 4 with Pd(dba)  ,, DPEphos, LIHMDS, and ZnCl ; in THF represents a new domino process
wherein a nonstabilized enolate served as a nucleophile.

During the past decade, domino or cascade reactions haveeported the isolation of neosarpagifiefrom Rauwolfia
been intensively studied because they are well-suited for themicranthain 196072 To our knowledge, the stereochemistry
rapid construction of complex natural products and drug at the ethylidene function irl remains unknown. The
candidated.® Among these, those mediated by transition proposed structure of neosarpaginattracted our attention
metals, especially palladium-catalyzed tandem reactions, havedue to the terminal olefin at C(20); moreover, if the C(20)
been widely investigatetf Allylic systems are among the Ny bond in1 could be broken via a Hoffman elimination
most frequently employed in palladium-catalyzed domino process, this would lead to macroline-related alkaloids
or cascade reactions because either or both allylic positions(Figure 1). Described in this communication is a simple
can be employed to generate an olefin moiety, which can process to provide the quinuclidine core structurelof
be further transformed by subsequent bond-forming pro- Furthermore, this strategy could be employed for the
cesses. An example of sequential allylic substitution in an

intermolecular-intramolecular fashion with 1,4-diacetoxy _
cis-2-butene by Hayashi and co-workéhgas been reported,

reminiscent of the early work of Trost et al. Recently, we

have begun a study of this type of process as an entry into

quinuclidine-related alkaloids such as neosarpaifillay
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synthesis of macroling, as well as the quinuclidine-related ||| | | N

alkaloid quinine3. _ _ Scheme 2. Synthesis of Ethyliden8
As illustrated in Scheme 1, it was felt that a sequential

Scheme 1. Retrosynthetic Analysis of Neosarpagine
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(Et:B) was required to coordinate the hydroxyl grétiand

promote the desired allylic alkylation (Table 1). Under
allylic substitution could be effected in which initially the

allylic amination would be followed by allylic alkylation in _

a one-pot process. This would providewith the correct Table 1 ditions for the Palladi vzed d
core framework. Although this intermolecuteintramolecu- able 1.~ Conditions for the Palladium-Catalyzed Cascade
Formation of Ethyliden&

lar allylic substitution with 1,4-diacetoxgis-2-butene has & mol % PP, base
- . . . . 0 3/4
been reported previousfythe combination of allylic ami- —OH solvent, temp I —0o

|
nation and alkylation has not been reported. Ny AcO OAc NN
. . . J _ = H
The synthesis began with thé-keto ester9 readily et Tcoome _\77F feo.c ~
. . . S equiv

available on a 300600 gram scale; it was prepared in three 8 K 5
reaction vessels from tryptophan methyl e&eis reported. vield
Thef-keto est_e9 was subjected to the conditions of ca_talytic base solvent temp (°C) (%)
hydrogenolysis to remove the benzyl group to provide the
Np,—H derivative6 (Scheme 2) ! BN CH:CN 50 60

b S , 2 Et;N THF 50 63

It was felt that a sequentlgl allylic amination and alkylation 5 DIPEA THF 30 70
process could be accomplished by the control of the rate of 4 DIPEA THF 50 75a
allylic amination vs attack of the stabilized enolate on the 5 DIPEA THF rt to 80 85°

developing H_'a"yl P_d . complex. lr_] 1997, Tietze _et . . aFull conversion tds took 24 h.PProcess stirred at room temperature

reported a highly efficient synthesis of cephalotaxine which overnight; then EB was added as an additive and stirring was continued

involved an allylic amination. When these original condi- at80°C for 6 h.

tions'® were employed with enob and bisacetatd, the

quinuclidine systen® was obtained in 60% yield. e . _ ) )
When the process was carried out in THF, a better yield optimized conditions, the desired ketohevas obtained in

of 5 was obtained (see Table 1). When the more hindered 85% yield (Table 1,) in the presence of;Bt The struct_ure
base, DIPEA, was employed, the process took longer to go©f €Sters was confirmed by X-ray crystallography (Figure
to completion and some of the product of allylic amination 2)- A 3|2r31|Iar strategy has been employed by TrSst,
was isolated after 12 h, which indicated the allylic alkylation WVilllams,**and Padwé for the construction of quinuclidine
was slower in the presence of the hindered base. However 2/kaloids. , _ _ _

the yield in this case was 70%. Execution of the process at With the desired ring systerd in hand, it could be

a lower temperature further improved the yield, although the converted into the key |ntermed|a_ﬂe which is related_ to
reaction time was much longer. Because the presence of€ Core structure of neosarpagine by a hydrolysis and

allylic alcohol10bwas observed, it was felt that an additive
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Table 2. Conditions for the Palladium-Catalyzed Formation of

Ketone4
Pd(0), THF, base
W additive, 60-80 °C @\_/%f
CHs H
11 1.1 equiv
yield
PA(0)/L base  additive RON\_/OR (%)
1 Pd(PPhjs), NaOBu no R=Ac <5
2 Pd(PPh3)4 K3PO4 Eth R=Ac 0
3 Pd(dba)y/dppe NaHMDS Et;B  R=COsMe 10
4 Pd(dba)y/DPEphos LiHMDS ZnCl,y R = COqMe 55

would be avoided. Initial efforts began with the weak base,
CsCO;, in DMF from which a trace of the desiretiwas
isolated (see Table 2). Encouraged by this result, lithium or
sodium enolates were attempted as nucleophiles; however,
yields were poor even in the presence ofB=tRecently,
Kazmaief*?? reported the use of chelated zinc enolates or
their derivatives as nucleophiles. These zinc enolatés
reacted under much milder conditions than the corresponding
lithium or sodium enolates. After screening several ligands
and the Pd complex, it was found that the desired cyclization
of ketonellto ethylidenet was obtained in 55% yield with
Pd(dba), DPEphos, and the combination of LIHMDS and
ZnCl in THF (Table 2). To our knowledge, this represents
the first domino reaction which involved a nonstabilized
enolate as a nucleophile. Further optimization and generali-
zation of this process are under investigation.

In summary, a domino sequence was developed to rapidly
construct the quinuclidine core structure of neosarpagine as
well as sarpagine alkaloids. In addition, this one-pot reaction
could be exploited for the synthesis Gfnchonaalkaloids.

" The application of this process to alkaloid total synthesis
will be reported in due course.

Figure 2. Structural representation of ketoBdrom the ORTEP.

decarboxylation proces8. Moreover, analogous to the
chemistry of Liut® the key intermediat could be converted
into Nymethyl-isokoumidine if desired. However, decar-
boxylation of the bridgehead carboxylic acid group is not
trivial and would require radical-induced Barton decarbox-
ylation conditiong®1” analogous to the work of LitP To
circumvent this obstacle, the original strategy was altered
to employ ketone 1 instead which was devoid of the ester
function (see Table 2). This approach required the allylic
amination, followed by direct attack on theallyl Pd(Il)
complex by a carbanion rather than the soft carbon nucleo-
phile (3-keto ester). Although nonstabilized metal ketone
enolates as nucleophiles are quite limited and usually not
successfut®~2%there are two advantages here: (1) it would
be easier to control the sequence of allylic amination
followed by alkylation and (2) the decarboxylation step
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