A short synthesis of delavatine A unveils new insights into site-selec-
tive cross-coupling of 3,5-dibromo-2-pyrone
Vignesh Palani,+ Cedric L. Hugelshofer,T llia Kevlishvili,® Peng Liu,*® and Richmond Sarpong*'Jr

' Department of Chemistry, University of California, Berkeley, CA 94720 (USA)
5 Department of Chemistry, University of Pittsburgh, Pittsburgh, PA 15260 (USA)

Supporting Information Placeholder

ABSTRACT: The recognition of latent symmetry in delavatine A has enabled a short synthesis of the natural product starting from
3,5-dibromo-2-pyrone. The concise synthetic route features a cascade process involving a 6w electrocyclization to construct the
indane core of delavatine A. In addition, we have conducted detailed experimental and computational studies to gain in-depth
understanding of the mechanism of the observed site-selective cross-coupling of 3,5-dibromo-2-pyrone. This insight may provide

new avenues to achieve the selective cross-coupling of multiply-halogenated heteroarenes.

Introduction

Plants of the Incarvillea genus, native to the Himalayas and
Southwest China, have attracted considerable interest be-
cause of their use in traditional herbal medicine." Incarvillea
delavayi has been used as a medicinal plant to treat anemia,
rheumatism and dizziness.” Recently, a structurally unique al-
kaloid, delavatine A (1, Scheme 1la) was isolated from /.
delavayi by Zhang and co-workers. This unusual isoquinoline-
containing alkaloid displays micromolar antitumor activity
against a number of human cancer cell lines.> Not surprisingly,
the unique architecture and novel biological activity of 1 has
made it an attractive synthetic target. An elegant total synthe-
sis of 1 was recently reported by Li et al. that featured an asym-
metric hydrogenation of an indenyl olefin group as well as the
application of a triflamide-directed C—H olefination method
(Scheme 1a).”

Biosynthetically, it has been proposed that delavatine A (1) is
derived from trisaldehyde 4 (Scheme 1b).> On this basis, our
synthetic design targeted a final stage, bioinspired, condensa-
tion of 4 with an ammonia source to yield the isoquinoline moi-
ety in 1. Furthermore, we recognized the latent symmetry in 4
(see highlighted cyclopentenyls), which we envisioned could
translate into an elegant and powerful retrosynthetic discon-
nection. Leveraging molecular symmetry (both hidden and
overt) in total synthesis is especially powerful as it may facili-
tate the identification of radically simplified precursors, and in
this way enhance synthetic efficiency.’

By taking advantage of the latent symmetry of 4, we also
sought to devise a modular and convergent synthetic route to
4 through an ambitious cascade sequence starting from pseu-
dosymmetric pyrone 7. More specifically, it was anticipated
that the indane core of 4 would be forged by 67 electrocycliza-
tion® of cross-conjugated dienolate 5, which in turn would arise
from the highly conjugated polyene 6. Given the inherent
pseudosymmetry of pyrone 7, this intermediate was traced

Scheme 1. Retrosynthetic plan and site-selective cross-cou-
pling of 3,5-dibromo-2-pyrone
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back to known 3,5-dibromo-2-pyrone (8)” and the correspond-
ing cyclopentenyl coupling partners (highlighted in blue in py-
rone 7) through site-selective cross-coupling reactions.

3,5-Dibromo-2-pyrone (8) is an a-pyrone derived polyhalogen-
ated heterocycle bearing two chemically inequivalent C-Br
bonds.? Site-selective modifications of 8, leading to constitu-
tional isomeric products, have been demonstrated by Cho and
co-workers in various cross-coupling processes.> ™! While cer-
tain experimental conditions have been established that ena-
ble site-selective coupling in 8, the mechanistic rationale for
this observed selectivity has not been unequivocally estab-
lished. Site-selective cross-coupling reactions of polyhalogen-
ated heterocycles™ allow highly efficient retrosynthetic dis-
connections and have evolved to be invaluable transfor-
mations for both academic and industrial researchers.” While
several studies aimed at understanding the basis of site-selec-
tive couplings have emerged over the past decade,™ predicting
and rationalizing the selectivity outcome has oftentimes re-
mained challenging.®'® In some polyhaloaromatic com-
pounds, consideration of *H NMR chemical shifts of the C—H
bonds in the corresponding non-halogenated aromatic com-
pounds can guide the prediction of site-selective transfor-
mations.” However, the cross-coupling of 3,5-dibromo-2-py-
rone (8) gives rise to products that are contrary to this pre-
dicted outcome.®? Hence, we sought to gather further mecha-
nistic insight to guide predictable, site-selective couplings in 8.

Mechanistic Studies

On the basis of previous studies conducted by Cho and co-
workers, we recognized that solvent choice, temperature, and
addition of copper iodide appeared to have a marked influence
on the observed coupling selectivity in 8.>*! Table 1 summa-
rizes our results of the site-selective Suzuki coupling of 8 and
phenyl boronic acid. Consistent with the results of Cho et al.,™
we found that in non-polar solvents, such as 1,2-dichloro-
ethane, tetrahydrofuran, and toluene, C3-coupled product 9
was primarily formed. In these solvents, neither the addition
of Cul nor conducting the reaction at elevated temperature af-
fected the observed site-selectivity. Interestingly, in more po-
lar solvents, such as dimethyl sulfoxide, dimethylformamide,
and acetone, C5-coupled product 10 was generally formed as
the major product. However, 9 was formed in the absence of
Cul and when the reaction was conducted in acetone.™ In con-
trast to the observations of Cho et al.,'* we did not observe a
switch in the site-selectivity upon increasing the reaction tem-
perature from 23 °C to 50 °C. Overall, we found the selectivity
of the cross-coupling reactions to be non-temperature de-
pendent, and to proceed predominantly at the C3-position in
non-polar solvents, while coupling is favored at the C5 position
in polar solvents in the presence of Cul.

To gain more insight into the effect of Cul in these cross-cou-
pling reactions, we chose to revisit several oxidative addition
experiments previously conducted by Cho and co-workers,'>**
and analyze the relative stabilities of the resulting C3 and C5-
Pd complexes (12 and 13, Table 2)."” We observed that when
the oxidative addition was conducted in non-polar solvents
(toluene) only C3-Pd complex 12 was formed, irrespective of

the reaction temperature or whether Cul was added.

Table 1. Suzuki couplings with 3,5-dibromo-2-pyrone
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®Dielectric constant at 20 °C.” "Determined by 'H NMR analysis
using 1,1,2,2-tetrachloroethane as an internal standard. ‘Decom-
position of 8. Conditions: PhB(OH), (1.2 equiv), Pd(PPhs), (10
mol%), Cul (1.0 equiv), K,CO; (2.0 equiv), solvent (0.1 M). nd = not
detectable, tr = trace.

In polar solvents (DMF), we observed the formation of 12
when the reaction was conducted in the absence of Cul, while
C5-Pd complex 13 was formed as the major product in the
presence of Cul. The structures of 12 and 13 were unambigu-
ously confirmed by single-crystal X-ray analysis.”® Notably,
these oxidative addition experiments are also supported by
the observed position selectivity in Suzuki coupling of 8 (Table
1), where the C5-coupled product (10) was only formed in po-
lar solvents and in the presence of Cul.

Table 2. Oxidative addition experiments
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Pd(PPh3),4 (10 mol%), Cul (1.0 equiv), solvent (0.1 M). nd = not de-
tectable.

Next, the oxidative addition experiments were carried out at
different reaction temperatures in the presence of Cul with



DMF as the solvent (Figure 1). It was observed that C5 Pd oxi-
dative adduct 13 was favored at lower temperatures whereas
at elevated temperature, C3 Pd oxidative adduct 12 was
formed as the major product. Further experiments revealed
that C5 Pd oxidative adduct 13 converts to C3 Pd oxidative ad-
duct 12 in DMF in the presence of Cul at elevated tempera-
tures and over prolonged reaction periods.”
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Figure 1. Influence of temperature on ratios of C3- to C5-Pd
complexes. Conditions: Pd(PPhs), (10 mol%), Cul (1.0 equiv),
DMF (0.1 M).

Interestingly, when a mixture of Pd oxidative adducts 12 and
13 was treated with tributylphenylstannane in DMF, only the
C5-coupled product (10) was formed,”® indicating that 12 can
also interconvert to 13 prior to cross-coupling. In summary, our
observations indicate that C5-Pd complex 13 is the kinetic oxi-
dative adduct whereas C3-Pd complex 12 is the thermody-
namic oxidative adduct. Moreover, 12 and 13 can interconvert,
and the rate of transmetallation/reductive elimination is faster
for C5-Pd complex 13 when compared to that of C3-Pd com-
plex 12. This describes a Curtin—Hammett scenario®’ wherein
rapid interconversion of the Pd-complexes (12 and 13) occurs,
and where the ratio of the resulting cross-coupled products
(i.e., 9:10) is solely dependent on the energy difference be-
tween the two respective rate-limiting transition states of
transmetallation/reductive elimination.

Computational Insight

We sought to gain additional insight into the origins of the ef-
fects of Cul and solvent on the kinetic and thermodynamic se-
lectivities of the oxidative addition through computational
studies. Density functional theory (DFT) calculations were per-
formed at the M06/6-311+G(d,p)-SDD/SMD(DMF)//B3LYP/6-
31G(d)-SDD level of theory.”® We first computationally consid-
ered the Lewis-acid activation of the pyrone through coordina-
tion of Cul or cationic (DMF)Cu® to the carbonyl group of 8.
However, these results indicated that the Cul or Cu” coordina-
tion has a minimal impact on the site-selectivity of oxidative
addition,” and thus cannot explain the experimentally ob-
served site-selectivity trend under the different conditions. Ad-
ditionally, we considered the pathway involving oxidative ad-
dition of pyrone 8 to Cul® (AGjF = 27.2 kcal/mol, with respect
to the pyrone-Cul m-complex). This pathway requires a higher
barrier than the oxidative addition to Pd(0) and does not sup-
port the observed reversal of site-selectivity in the presence
of Cul.? As such, we surmised that in the presence of Cul the
oxidative addition may occur through an alternative mechan-

ism with a different active Pd catalyst. Because previous com-
putational studies have suggested a bis-phosphine ligated Pd
complex is more favored for oxidative addition with PPh; as
ligand,” the oxidative addition in the absence of Cul is ex-
pected to occur via tri-coordinated (PPh;),Pd(0)-pyrone com-
plex 14 (Scheme 2). Additionally, on the basis of empirically es-
tablished precedent supporting the ability of Cul to promote
phosphine ligand exchange at Pd,* we hypothesized that Cul
could have a similar effect in this system. In this way, Cul could
promote phosphine ligand dissociation from 14 to form a
mono-phosphine ligated Pd complex (16 or 17, Scheme 2) as
the operative intermediate in the catalytic cycle, which has
been reported to be relatively more reactive toward oxidative
addition.” Indeed, our DFT calculations show that exchanging
one of the PPh; ligands in 14 with (DMF),Cul (15) to form
mono-phosphine ligated Pd complexes 17 and 16 are both
thermodynamically feasible,”® indicating an equilibrium be-
tween the bis- and mono-phosphine ligated Pd complexes be-
fore the oxidative addition step. Furthermore, in the absence
of Cul, formation of the mono-phosphine ligated Pd complexes
is highly endergonic (AG = 13 kcal/mol),” indicating the bis-
phosphine ligated Pd complex 14 is operative under these con-
ditions.

Scheme 2. Computed ligand exchange energies from the bis-
phosphine ligated Pd complex 14 to form mono-phosphine li-
gated Pd complexes 16 and 17.
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Therefore, we computed the oxidative addition pathways from
complexes 14 (Figure 2A), 16 (Figure 2B), and 17 (Figure S3A in
the Supporting Information). Interestingly, the oxidative addi-
tions of 14 and 16 have very different site-selectivity out-
comes. In the bis-phosphine ligated Pd complex pathway, the
barrier for the oxidative addition at C3 (TS1; Figure 2A) is 3.5
kcal/mol lower than that at C5 (TS2). Following cis/trans isom-
erization of the phosphine ligands on the oxidative addition
complexes (i.e., 12-cis and 13-cis, respectively), the C3 adduct
(12-trans) is slightly (0.3 kcal/mol) more stable than the C5 ad-
duct (13-trans). These results are consistent with the experi-
mentally observed C3-selectivity for oxidative addition in DMF
and toluene in the absence of Cul (see Table 2). To understand
the factors governing the C3 site-selectivity, we performed a
distortion/interaction analysis to investigate the distortion en-
ergies of the catalyst (AEgis..car) and the pyrone substrate (AE ;.
sub) to reach their transition state geometries as well as the sta-
bilizing interaction energy (AE;.;) between the two fragments
(Figure 2A).” Although the C3-oxidative addition has an earlier
transition state, as evidenced by the smaller substrate distor-
tion energy (AEgisisu) and the shorter C-Br bond distance in
TS1, the interaction between the catalyst and the substrate in



TS1 (AE;) is still stronger than that in TS2 by 2.6 kcal/mol. The
stronger catalyst-substrate interaction is due to a more favor-
able frontier molecular orbital (FMO) interaction between the
LUMO(x*) of 8 and the HOMO (d,,) of the Pd in TS1.'** The
computed LUMO of 8 showed a much larger coefficient at the
C3-position than at the C5 position (Figure 2A inset).”®

In the presence of Cul, the C3 and C5 oxidative additions of the
mono-phosphine ligated Pd complex 16 (TS3 and TS4, respec-
tively, Figure 2B) both require lower barriers as compared to
those of bis-phosphine ligated Pd complex 14. Notably, the
mono-phosphine ligated Pd complex oxidative addition no
longer kinetically favors the formation of C3-Pd complex 12
and the barriers for TS3 and TS4 are comparable. This is con-
sistent with the low selectivity for the site of oxidative addition
A oxidative addition without Cul (bis-phosphine ligated)
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observed empirically in the presence of Cul in DMF (Table 2).
Distortion/interaction analysis of TS3 and TS4 reveals that TS3
has a more favorable interaction energy as compared to TS4.
However, TS3 is a later transition state with greater distortion
penalty of the substrate (AEgi.sub), Which compensates for the
interaction energy difference and leads to similar barriers for
the two oxidative addition transition states. In this mono-phos-
phine ligated Pd complex pathway, Pd is less nucleophilic due
to a lower-lying HOMO.” Therefore, the FMO interaction be-
tween the Pd center and the substrate is less prominent and
the preference for the C3 oxidative addition selectivity is di-
minished.
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Figure 2. A) Oxidative addition of the bis-phosphine ligated Pd complex 14 at the C3- (shown in blue) and C5- (in red) positions of
3,5-dibromo-2-pyrone 8 in the absence of Cul. B) Oxidative addition of the mono-phosphine ligated Pd complex 16 in the presence
of Cul. The distortion energies of the PdL, catalyst (AEgis.cat) and the pyrone substrate (AEgi.sup), and the interaction energies be-
tween these two fragments in the oxidative addition transition states (AE;,) are provided. All energies in Figure 2A are with respect
to 14. All energies in Figure 2B are with respect to 16, 18, and DMF.



We also considered the oxidative additions of the DMF-
coordinated mono-phosphine ligated Pd complex 17. From 17,
the selectivity between the C3 and C5 oxidative addition tran-
sition states is also diminished (AAGjF = 0.8 kcal/mol).” Overall,
these results highlight a significant effect of the number of
PPh; ligands on the selectivity of oxidative addition. While oxi-
dative addition of bis-phosphine ligated Pd complex 14 is
strongly preferred at C3, the site-selectivity is diminished in re-
actions with the mono-phosphine ligated Pd complexes (16 or
17).

Following oxidative addition, the more electron-deficient Pd(ll)
adduct binds another PPh; through ligand exchange with the
Cul-phosphine complex to form tetracoordinated Pd(Il) com-
plexes 12 and 13 (Figure 2B). The cis isomer of the C3 adduct
(12-cis) can bind to Cul to form a relatively stable ternary Cu
complex (19) in which the Cu center is coordinated to both the
pyrone carbonyl oxygen and the bromide attached to the Pd
center. It should be noted that similar chelating complexes
cannot be formed from 13-cis, or either of the trans-isomers.?
Because of the greater stability of 19 compared to other C3 and
C5 adducts, the C3 oxidative addition pathway is thermody-
namically more favorable.” This is consistent with the exper-
imentally observed trend that increasing temperature leads to
the C3 adduct as the major product (Figure 1).

With computational results in hand that explain the role of Cul
in facilitating formation of a mono-phosphine ligated Pd com-
plex (16 or 17) which in turn kinetically favors the formation of
C5-Pd complex 13, we sought experimental evidence to sup-
port this pathway. Toward this end, we analyzed the ratio of
the generated C3 to C5-Pd complexes when the oxidative ad-
dition was carried out with varying concentrations of tri-
phenylphosphine (Figure 3). Interestingly, we observed that
when the concentration of triphenylphosphine was increased,
C3-Pd complex 12 was predominantly formed. Hence, we pos-
tulated that higher concentrations of PPh; favor the oxidative
addition pathway involving a bis-phosphine ligated Pd complex
which leads to formation of C3-Pd complex 12, in concert with
our computational studies.
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Figure 3. Effect of PPh; on the observed ratio of C3- to C5-Pd

complex. Conditions: Pd(PPhs), (10 mol%), Cul (1.0 equiv),
PPh;, DMF (0.1 M), 23 °C.

Furthermore, we repeated the oxidative addition studies in the
presence of other phosphine ligands.”® We observed a prefer-
ence for the formation of C5-Pd complex 13 when the oxida-
tive addition was carried out using bulky phosphine ligands.
This observation supports the rationale that the C5-Pd com-
plex 13 is generated when the oxidative addition proceeds via
a mono-phosphine ligated Pd complex, which is favored at
lower PPh; concentrations or in the presence of bulkier phos-
phine ligands. The conclusions drawn from these experiments
are in good agreement with our computationally-derived re-
sults.

We next sought to gain computational insight into the origin of
C5-site-selectivity of the Stille coupling reactions under condi-
tions where oxidative addition has been established to be re-
versible (see Table S6 for experimental details).®* In these
cases, the selectivity is expected to be determined in the sub-
sequent transmetallation or reductive elimination steps. We
calculated the C3- and C5-selective pathways for the
transmetallation and reductive elimination steps from the oxi-
dative adducts 12 and 13 using trimethylphenylstannane as a
model coupling partner (Figure 4). We located the cyclic
transmetallation transition states where the substrate and
bromide are either cis- or trans- disposed. In accordance with
previous computational studies,’ the trans-transmetallation
transition states (TS5 and TS6) are about 5-6 kcal/mol more fa-
vorable than the corresponding cis-TS. The transition state as-
sociated with the transmetallation of the C5-adduct (TS6) is 2.0
kcal/mol more favorable than that of the C3-adduct (TS5) (Fig-
ure 4A).

These computational results are consistent with the empiri-
cally observed preferable coupling of 13 over 12, when this
mixture is exposed to tributylphenylstannane.”® To better un-
derstand the origin of this preference, we considered the po-
larity of the transmetallation transition states. We hypothe-
sized that since TS6 is significantly more polar than TS5 due to
the greater separation of the partial positive (on Pd) and neg-
ative (on the pyrone carbonyl oxygen) charges, more favorable
stabilization of this transition state would occur in a polar sol-
vent. In support of this hypothesis, we calculated the gas phase
energies for TS5 and TS6. These calculations show that the rel-
ative stability is reversed in the gas phase, where TS5 is favored
by 2.6 kcal/mol (Figure 4B). Therefore, the polar solvent plays
animportant role in determining the selectivity for transmetal-
lation. The transmetallation and subsequent ligand exchange
with Cul(PPhs)(DMF) 18 leads to a four-coordinate Pd" species
(20 or 21), which then undergoes reductive elimination via ei-
ther a bis-phosphine or mono-phosphine ligated transition
state to form coupling products 9 and 10.%°
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Figure 4. A) Transmetallation and reductive elimination steps in the Pd-catalyzed Stille cross-coupling reaction of 3,5-dibromo-2-
pyrone. The C3- and C5-selective pathways are shown in blue and in red, respectively. B) Relative activation energies of transmetal-
lation in an implicit solvent (AAG*DMF) and in the gas phase (AAG*gaS). All energies in Figure 4A are with respect to 19, two DMF
molecules, and PhSnMejs. The energies in Figure 4B are with respect to TS5.

Summary of cross-coupling studies

Scheme 3a provides an overview of our observations regarding
the site-selective cross-coupling in 3,5-dibromopyrone. In
summary, cross-coupling of 8 gave rise to the C3-coupled prod-
uct (9) as the major product in non-polar solvents (with or
without Cul) and in polar solvents in the absence of Cul. The
formation of C5-coupled product 10 was favored by conduct-
ing the reaction in polar solvents in the presence of Cul. Under
these conditions, it was determined that C5 Pd complex 13-cis
is kinetically favored and gives rise to C5-coupled product 10
following a relatively low barrier for transmetallation.

This latter selectivity was computationally established to arise
from an initial Cul-assisted PPh; dissociation from bis-phos-
phine ligated Pd complex 14 to give mono-phosphine ligated
Pd complex 16 or 17 (Scheme 3b), which has a lower activation
barrier to furnish the C5 Pd complex 13-cis. In addition, when
the coupling is conducted in polar solvents in the presence of
Cul, the isomeric Pd complexes were found to interconvert.
The C3 Pd complex 19 was established to be the thermody-
namic oxidative adduct and possesses a higher transmetalla-
tion barrier compared to its C5 analog 13-cis.

Scheme 3. Summary of experimental/computational results
that rationalizes the observed site-selectivity in 3,5-dibromo-
2-pyrone

a) Conditions to obtain site-selective cross coupling in 3,5-dibromo-2-pyrone
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Total Synthesis of delavatine A

Our enhanced mechanistic understanding of the site-selective
cross-coupling of 3,5-dibromo-2-pyrone (8) positioned us well
to complete a synthesis of delavatine A (Scheme 4). In a first
step, known viny! triflate®” 22 was subjected to Miyaura boryla-
tion® to furnish vinyl boronate ester 23 in high yield. Next, the
conditions initially established by Cho et al. for the site-selec-
tive Suzuki coupling of 8 efficiently yielded C5 mono-coupled
pyrone 26 in 70-75% yield on a 5 g scale. Alternatively, a site-
selective Stille coupling of 8 and stannane ester® 24 gave 26 in
comparable yield. Stille coupling of 26 with known stannane
aldehyde® 25 then delivered pseudosymmetric pyrone 27.

With bis-coupled pyrone 27 in hand, we initially sought to open
the lactone moiety with an alkoxide in order to induce the de-
sired cascade sequence (cf. 7 — 5, Scheme 1b). However, un-
der a variety of reaction conditions, the pyrone opening was
not successful and resulted merely in decomposition of 27.
Eventually we discovered that pyrone 27 could be cleanly
opened in a 1,6-fashion using sodium cyanide,35 and the result-
ing carboxylate was alkylated to furnish methyl ester 28. Im-
pressively, sequential Stille coupling of 8, 24, and 25, followed
by pyrone opening could also be achieved to furnish methyl

Scheme 4. Total synthesis of delavatine A

ester 28 directly from 8 in a single pot and in comparable over-
allyield. A number of conditions were next investigated to con-
vert 28 into a suitable dienolate-like species (cf. 5, Scheme 1).
While deprotonation of the y-hydrogen of enal 28 using strong
bases was unsuccessful, softer enolization conditions cleanly
converted 28 to silyl enol ether 29, providing a precursor for
the envisioned 6m-electrocyclization. The major olefin dia-
stereomer in 29 was established as the E isomer. We then be-
gan exploring conditions for the 6m-electrocyclization and
were delighted to find that the desired transformation oc-
curred at elevated temperature in the presence of 1,8-diazabi-
cyclo(5.4.0)undec-7-ene (DBU) to furnish the desired cyclized
product (30). The entire sequence (silyl enol ether formation,
E/Z isomerization, 6n-electrocyclization, desilylation, and aro-
matization) can be carried out in a single pot to directly deliver
30 in 25-35% overall yield.*® Tricycle 30 was then reduced us-
ing lithium aluminum hydride, and the corresponding triol was
subjected to global Swern oxidation to provide the proposed
biosynthetic intermediate 4. Finally, treatment of trisaldehyde
4 with ammonium acetate led to formation of the isoquinoline
moiety to provide delavatine A (1), which possessed analytical
data (1H and *C NMR, HRMS, IR, [alp) in full agreement with
those reported for the naturally occurring material.
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Conclusion

In summary, we have employed computational analysis as
a powerful tool to gain insight into the observed site-se-
lective cross-coupling in 3,5-dibromo-2-pyrone. The calcu-
lations show that bis-phosphine ligated palladium com-
plexes promote oxidative addition at C3 of 3,5-dibromopy-
rone as a result of more favorable FMO interactions be-
tween the HOMO (d,,) of the Pd complex and the pyrone
LUMO (m*). Additionally, combined experimental and
computational investigations suggest that the oxidative
addition in the presence of Cul proceeds via a pathway
that involves a mono-phosphine ligated Pd complex. In
this case, the site-selectivity for oxidative addition is di-
minished and the C5 cross-coupling is preferred due to a
more facile transmetallation step. This outcome is at-
tributed to more favorable solvation effects that stabilize
the more polar transition state in the C5-selective path-
way. These insights may prove valuable in developing a
more general understanding of the effects of solvents and
Cul additives in site-selective cross couplings in other pol-
yhalogentated heterocycles. The site-selective cross-cou-
pling has enabled a short total synthesis of delavatine A
that takes advantage of a strategy inspired by the inherent
symmetry of this natural product. The synthesis of 1 pro-
ceeds in only four steps from known 3,5-dibromo-2-py-
rone 8 (or in a longest linear sequence of ten steps from
commercially available (R)-pulegone) and features a cas-
cade sequence involving five transformations occurring in
a single pot. Our concise and modular route to delavatine
A sets the stage for the synthesis of a library of structurally
related analogues to facilitate biological studies.
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