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Chemical synthesis of natural products is typically inspired by the structure and function of a
target molecule. When both factors are of interest, such as in the case of taxane diterpenoids,

a synthesis can both serve as a platform for synthetic strategy development and enable new
biological exploration. Guided by this paradigm, we present here a unified enantiospecific
approach to diverse taxane cores from the feedstock monoterpenoid (S)-carvone. Key to the
success of our approach was the use of a skeletal remodeling strategy which began with the
divergent reorganization and convergent coupling of two carvone-derived fragments, facilitated by
Pd-catalyzed C—C bond cleavage tactics. This coupling was followed by additional restructuring
using a Sm(l1)-mediated rearrangement and a bioinspired, visible-light induced, transannular [2
+ 2] photocycloaddition. Overall, this divergent monoterpenoid remodeling/convergent fragment
coupling approach to complex diterpenoid synthesis provides access to structurally disparate
taxane cores which have set the stage for the preparation of a wide range of taxanes.

Graphical Abstract
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INTRODUCTION

Taxane natural products (representative examples shown in Figure 1) make up a large,
diverse collection of diterpenoids (>500 members isolated to date).! These secondary
metabolites exhibit significant anticancer properties?3 and account for some of the most
topologically complex diterpenoid frameworks found in nature. On the basis of their
structures, taxanes can be generally categorized as either classical or nonclassical.*
Classical taxanes (e.g., 1-3, Figure 1A) feature a 6/8/6 ring system decorated with

unique oxygenation patterns, while nonclassical taxanes contain modifications to these
functionalized 6/8/6 cores, such as additional transannular bonds (e.g., cyclotaxanes 4-6,
Figure 1B). Biosynthetically, taxanes arise from geranylgeranyl diphosphate (GGPP, 7,
Figure 1C), which first undergoes a series of stereoselective cyclizations to assemble the A,
B, and C rings of the classical taxane system (8). It is proposed that oxidized variants of
this core can then undergo transannular bond formations, such as an intramolecular aldol and
transannular [2 + 2] cycloaddition, to construct nonclassical cyclotaxane frameworks (e.g.,
9).1

Owing to their remarkable bioactivity profiles and intricate architectures, taxanes have long
served as a source of inspiration and creativity for medicinal and synthetic chemists. For
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example, taxol (1), the flagship member of the family due to its clinical relevance as a
potent chemotherapeutic, has inspired a total of twelve chemical syntheses.5-19 Recently,
the Baran group disclosed a series of publications outlining their “two-phase approach” to
taxane synthesis, which combined a cyclase phase (a series of ring-forming events) with an
oxidase phase (an orchestrated oxidation sequence) to provide access to taxol (1) as well as
other taxol-like congeners.1” However, aside from 1 and its closely related congeners, the
vast majority of taxane chemical space remains underexplored. To date, there has only been
one synthesis of a nonclassical cyclotaxane, canataxpropellane (4), which was achieved by
Gaich and co-workers in 2020 in an elegant and expedient fashion.29 Overall, this scarcity
of structurally diverse taxane syntheses can be attributed, in part, to the added synthetic
challenges associated with accessing congeners that vary significantly in structure. For
example, syntheses of taxagifine (2) and taxezopidine A (3) would require the installation
of additional C17-C12 and C17-C13 oxo-bridges, while preparation of canataxpropellane
(4), taxpropellane (5), and taxinine K (6) would all require the construction of highly caged
skeletons.

Despite its effectiveness in the clinical setting, taxol-based therapy often encounters critical
challenges, including diminished efficacy due to the emergence of drug-resistant cancer
cells.21-23 Sych a challenge underscores the necessity for accessing unique taxane chemical
space in order to comprehensively evaluate the bioactivities of diverse congeners, like 2—6,
and identify next-generation anticancer agents.24 In fact, developing one chemical synthesis
approach to both classical and nonclassical taxanes would greatly streamline these efforts;
however, such a feat has remained elusive due to the vast structural diversity and complexity
of these molecules. Inspired by the challenge of developing a general solution for their
preparation, we set out to design a strategy that would enable unified enantiospecific access
to structurally diverse taxanes. This Article discusses the first stage of our plan, akin to

the cyclase phase of the Baran approach,1”:2° in which we employ a skeletal remodeling
strategy, enabled by bond cleavage tactics, to reorganize two monoterpenoid (in this case,
carvone) units into diverse taxane diterpenoid cores designed strategically to facilitate
downstream oxidations and diversification.

Strategy Design.

Our research group has had a longstanding interest in developing and applying skeletal
remodeling strategies to transform “chiral pool” terpenes26—enantioenriched feedstocks
—into diverse natural product-like scaffolds.2’-2? Recently, we demonstrated how C-C
bond cleavage, powered by rhodium and palladium catalysis, can be used to remodel

both enantiomeric forms of the feedstock terpenoid carvone (10 and ent10, Figure 2A)

into diverse diterpenoid natural products, including phomactin A9 and xishacorene B.3!
Specifically, our strategy focused on leveraging known cyclobutanols (11, 12, ent11, and
ent-12)32—formed as diastereomeric pairs from carvone—in transition metal-catalyzed C-C
bond cleavage reactions.33 For both the phomactins and xishacorene B, the diterpenoid
frameworks were assembled by coupling only one diastereomer of the carvone-derived
cyclobutanols (i.e., 12 for the phomactins and ent-11 for xishacorene B) with non-terpenoid
units containing the requisite number of carbons to complete the skeleton. Furthermore,

in a preliminary investigation inspired by the early work of Uemura and co-workers,34
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we applied a Pd(0)-catalyzed C—C bond cleavage/cross-coupling reaction to remodel
cyclobutanol 12 to a simplified taxagifine core.28 Despite laying the foundation for the work
discussed herein, the synthesis of 12 produced a scaffold lacking both crucial stereochemical
information in the C-ring as well as a key oxidation at the C13 position. As a result of

these two factors, this scaffold could not be advanced productively. We sought to address
these limitations and ultimately expand upon our entire carvone remodeling paradigm by
using not just one but both diastereomeric cyclobutanols in a unified synthesis of taxanes.
Specifically, we hypothesized that by using Pd-catalyzed C—C bond cleavage tactics, these
two carvone-derived fragments, each representing a monoterpenoid unit, could undergo
divergent remodeling/convergent fragment coupling to forge the entire diterpenoid network
of the taxane architecture, thus demonstrating a novel approach to complex diterpenoid
synthesis.

Guided by our goal of accessing diverse taxanes, we envisioned that both nonclassical (13,
Figure 2B) and classical (14-16) frameworks could be assembled from (S)-carvone (10)

by merging bioinspired logic with modern skeletal remodeling tools. Retrosynthetically,

we proposed that the nonclassical cyclotaxane core (13) would arise from taxol core 14,

a classical taxane framework, which in the forward sense would undergo a bioinspired
transannular [2 + 2] photocycloaddition between the electronically matched C3-C4 and
C11-C12 alkene groups. Preliminary computations used to visualize the conformation of
14 revealed the two alkenes to be well-aligned and in close proximity, thus supporting our
proposal (Supporting Information, page S26). Taxol core 14 was envisioned to arise from
the taxezopidine A core (15), which, in turn, would be obtained from the taxagifine core
(16) through remodeling of the A-ring. Specifically, we envisioned that reduction of the C13
carbonyl of 16 with a one-electron donor (e.g., Smly) would facilitate rearrangement to 15
by effecting fragmentation of the C12-O bond followed by formation of the C13-O bond.3°
A C17 deoxygenation would then provide the taxol core (14). Importantly, these cores all
contain pre-installed functionality that could be leveraged in the future for executing the
remaining C2, C5, and C10 oxidations. For example, in the classical taxane cores, both

the C2 and C5 positions are adjacent to an alkene that could enable allylic oxidations, and
the C10 position could be functionalized through an enolate oxidation. Elaboration of the
nonclassical cyclotaxane core (13) to the corresponding target natural products (i.e., 4 and
5) would require remote C—H oxidations; however, the pre-installed oxygen functionality

in 13 could potentially be applied in a redox-relay approach3® or a directed C-H oxidation
strategy.3” Alternatively, performing the transannular [2 + 2] cycloaddition on a derivative
of taxol core 14 bearing all the requisite oxygenation could achieve the same net result.

The taxagifine core (16) was envisioned to arise from two fragments, a C-ring fragment
(17) and an A-ring fragment (18), which in the forward sense would be joined together
through a tandem C-C bond cleavage/cross-coupling reaction followed by an intramolecular
aldol cyclization to forge the B-ring. Notably, these fragments contain five out of the eight
oxygen functional groups present on the fully oxidized taxagifine system, thus limiting

the need for late-stage oxidations—a potentially challenging task on complex scaffolds.38
Finally, the C- and A-ring fragments would arise from diastereomeric cyclobutanols 11
(major diastereomer) and 12 (minor diastereomer) which would simultaneously be obtained
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from (S)-carvone (10) through an epoxidation/Ti(l11)-mediated cyclization sequence32 in the
forward sense.

RESULTS AND DISCUSSION

Synthesis of the Coupling Fragments.

We began our studies with the synthesis of the C-ring fragment (17, Figure 3A) from the
major cyclobutanol diastereomer (11), which was obtained from (S)-carvone following a
known two step procedure32 involving epoxidation of the isopropenyl moiety on carvone
followed by a Ti(lll)-mediated epoxide-ring opening/radical cyclization into the carbonyl
group (Supporting Information, page S5). Protection of the primary hydroxy group in 11
gave the TBS-protected major cyclobutanol (19), which subsequently underwent a Pd(11)-
catalyzed cleavage of the less substituted C—C bond followed by g-hydride elimination to
afford cyclohexenone 20.39 A 1,4-reduction of the enone with L-selectride provided 21 as
an inconsequential mixture of diastereomers that were both converted to vinyl triflate 22
upon treatment with KHMDS and PhNTf,. The exo-methylene of 22 was then oxidatively
cleaved to afford the corresponding ketone (23) using the Lemieux—Johnson?® protocol with
2,6-lutidine*! as an additive. Next, unveiling of the primary hydroxy group following TBS
cleavage provided keto-alcohol 24. By leveraging the directing ability of this hydroxy group,
an Evans-Saksena?243 reduction of the ketone with MesN(OAc)3BH was performed to
obtain diol 25. Finally, a one-pot TEMPO/PIDA oxidation®* of the primary hydroxy group
and TBS-protection of the secondary hydroxy group afforded the completed C-ring fragment
7).

The synthesis of the A-ring fragment (18, Figure 3B) began with an oxidative cyclization
sequence in which m-CPBA epoxidation of the minor cyclobutanol diastereomer (12)
promoted a cyclization of the primary hydroxy group to the C12 position, thus affording
diol 26.27 Notably, this sequence constructed the key C17—C12 oxo-bridge of the taxagifine
scaffold (16), while simultaneously installing the C13 oxygenation present in taxanes 1-6.
Next, the C13 hydroxy group of diol 26 was oxidized to the corresponding ketone using
Dess—Martin periodinane (DMP)* to afford keto-alcohol 27. Subjecting this intermediate
to Noyori ketalization*6 conditions gave a mixture of the desired A-ring fragment (18) and
a derivative with the tertiary hydroxy group protected as the trimethylsilyl (TMS) ether
(not shown). Deprotection of this TMS-protected A-ring fragment with TBAF (Supporting
Information, page S12) provided 18 in 64% yield over two steps. With both coupling
fragments now in hand, we shifted our attention to investigating the key C—C bond cleavage/
cross-coupling reaction.

Development of the C-C Bond Cleavage/Cross-Coupling.

While our previous studies had demonstrated that a Pd-catalyzed C-C bond cleavage/cross-
coupling between a carvone-derived cydobutanol and an aryl bromide could provide a
simplified taxagifine-like scaffold?® (Figure 2A), the success of our new unified synthetic
route would ultimately hinge upon extending this convergent strategy to more complex and
highly functionalized coupling partners (i.e., 17 and 18). Evaluation of reaction conditions
began by using Pd(OAc), as the pre-catalyst, SPhos as the ligand, Cs,CO3 as the base, and

JAm Chem Soc. Author manuscript; available in PMC 2023 February 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Perea et al.

Page 6

benzene as the solvent (entry 1, Figure 4A). Under these conditions, we did not observe any
of the desired cross-coupled product (28), but instead obtained an undesired diastereomer
(29) of the cross-coupled adduct in 30% yield, with unexpected stereoinversion occurring

at the C1 position. Mechanistically, the desired coupling product (28) was envisioned to
arise from oxidative addition of an in situ generated Pd(0) catalyst into the vinyl triflate
group of 17 to give Pd(Il)-intermediate 30 (Figure 4B). This complex would then undergo
ligand exchange with cyclobutanol 18 to give Pd(l1)-alkoxide 31 which, following S-carbon
elimination, would yield Pd(I)-alkyl intermediate 32. Finally, reductive elimination would
forge the cross-coupled adduct and regenerate the Pd(0) catalyst. For the formation of the
undesired coupling product (29), we hypothesized that instead of undergoing the desired
reductive elimination, complex 32 undergoes competing S-hydride elimination to give
Pd(11)-hydride 33 and cyclohexanone 34 (Figure 4C). Re-addition of the Pd(l1)-hydride
across the exo-methylene of 34 leads to Pd(I1)-alkyl complex 35—the C1 epimer of complex
32—which, upon undergoing reductive elimination, produces undesired diastereomer 29 and
regenerates the Pd(0) catalyst.

On the basis of this proposed mechanism, we hypothesized that tuning the electronics of the
Pd complex by modifying the ligands and additives could make the reductive elimination
pathway of Pd(11)-alkyl species 32 more favorable over the undesired S-hydride elimination
pathway. Specifically, we envisioned that decreasing the electron density on the Pd center
would increase the rate of reductive elimination leading to the desired cross-coupled product
(28).47 In accordance with this hypothesis, we found the ligand AsPhs capable of providing
the desired diastereomer (28), albeit in a low 8% yield and with poor diastereoselectivity
(Figure 4A, entry 2). An NOE correlation between protons at the C1 and C17 positions
confirmed the identity and relative stereochemistry of this product. The improved yield of
desired diastereomer 28 obtained with AsPhs is believed to result from the weaker sigma
donor ability of AsPhz compared to phosphine ligands like SPhos.#8:49 Consistent with
generating an electron-deficient palladium complex, trials employing AsPhs proceeded in
low overall conversion, presumably due to slower oxidative addition. However, this lower
rate was addressed by increasing the catalyst loading (entry 3), which resulted in higher
levels of conversion to both 28 (20% yield) and 29 (45% yield). Satisfied with the overall
conversion of the reaction, we returned to improving the diastereoselectivity by screening
additives. Recent studies have highlighted the effectiveness of electron-deficient olefins in
promoting reductive elimination over competing B-hydride elimination.”-50 The addition
of 1,4-benzoquinone has been previously demonstrated to exhibit this effect,51-53 and in
our case led to a remarkable improvement in diastereoselectivity, providing the desired
diastereomer in 67% yield and the undesired diastereomer in only 5% yield (entry 4). These
optimal conditions proved to be highly scalable, giving the desired product in a comparable
68% yield on gram scale with respect to the C-ring fragment (entry 5). Having successfully
assembled the A/C ring system of the taxane framework by coupling two carvone-derived
fragments, we turned our attention to constructing the central eight-membered B-ring and
completing our synthesis of diverse taxane cores.
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Synthesis of Diverse Taxane Cores.

Beginning with the synthesis of the taxagifine core (16, Figure 5), cross-coupled adduct 28
was subjected to a two-step sequence involving methyl lithium addition into the aldehyde,
followed by DMP oxidation of the resulting hydroxy group to afford diketone 36 in 47%
yield over two steps. Enolization of the northern ketone group of 36 using LHMDS resulted
in an intramolecular aldol cyclization which proceeded smoothly at room temperature to
construct the eight-membered B-ring in 85% yield, thus completing the 6/8/6 core (37)

of the taxanes. Notably, all the steps up to this point were performed on gram scale.
Taxagifine core 16 was then obtained following acid-mediated cleavage of the ketal to
unveil the C13 ketone, and the structure of 16 was unambiguously confirmed through X-ray
crystallographic analysis.>* While this ketal cleavage step only proceeded in 33% yield, we
observed high mass recovery (65% recovered 37). Unfortunately, the use of more strongly
acidic conditions (e.g., 15% HCI) resulted in cleavage of both the ketal and TBS ether
moieties. Furthermore, extending the reaction time of the PPTS-mediated cleavage from

24 to 72 h resulted in a higher yield of 16 (48% yield), but with a lower recovery of the
starting material (12% recovered 37) due to the formation of several side products, including
the ketal/TBS-cleaved product (S3, Supporting Information, page S19). With 16 in hand,
we envisioned that one-electron reduction of the C13 carbonyl using Sml, would promote
cleavage of the adjacent C12-0O bond, thus setting the stage for accessing other taxane
scaffolds. Indeed, we found that treatment of 16 with Sml, and LiBr led to the formation

of the taxezopidine A core (15) in 63% yield. Additives are known to play a crucial role in
modulating Sml, reactivity, and in our case, LiBr proved vital to delivering higher yields

of product (Table S2, Supporting Information, page S20).55¢ Notably, these conditions
accomplished several transformations in a single step, including rearrangement of the C17—
C12 oxo-bridge resident in 16 to the C17—C13 oxo-bridge of 15, as well as elimination of
the C11 hydroxy group with concomitant formation of the C11-C12 alkene group required
for the downstream [2 + 2] cycloaddition.

Having intercepted the taxezopidine A core (15), we shifted focus to deoxygenating the C17
position to forge the gem-dimethyl motif characteristic of the taxol core (14). Invoking

the keto-alcohol form of 15, we first attempted a deoxygenation of the C17 primary
hydroxy group using Myers’ protocol;>” however, no conversion was observed under these
conditions. The stability of this hydroxy group to direct reduction—potentially due to the
equilibrium favoring the hemiketal form—prompted us to first convert the hydroxy group to
an alkyl iodide, followed by reduction of the C17-I bond. An Appel-type iodination of 15
led to the desired alkyl iodide (38) in an excellent 93% yield. At this stage we investigated
several reducing conditions to complete our synthesis of the taxol core (14). Radical-based
conditions (e.g., AIBN and Bu3SnH) led to complex reaction mixtures with no discernible
product formation. Similar outcomes were observed with the hydride sources NaBH,4 and
LiEtsBH. During our studies, a report by Townsend and co-workers identified NaBH3CN to
be effective at reducing primary alkyl iodides.>® Applying analogous conditions (NaBH3CN,
DMF, 100 °C) to our case also proved beneficial, delivering the taxol core (14)—confirmed
by X-ray crystallographic analysis—in 72% yield. Under these reaction conditions, a
rearranged 5/8/6 taxane core (39) was obtained as a side product in 14% yield. This

latter scaffold is believed to arise through a Dowd-Beckwith rearrangement®? initiated by
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homolysis of the C17-I bond (Supporting Information, page S25). Reduction at a lower
temperature (80 °C) was investigated as a potential solution to prevent this side reaction;
however, this trial resulted in low conversion, producing a 2:1 mixture of recovered starting
material to product.

With all three of our targeted classical taxane cores assembled, we set our sights on
applying the key bioinspired transannular [2 + 2] photocycloaddition to construct the highly
caged nonclassical cyclotaxane core (13). It is proposed that, biosynthetically, this type of
cycloaddition forges the cyclobutane motif embedded in 4 and 5 from similar, albeit slightly
more oxidized, precursors compared to 14.60-61 Nonetheless, we envisioned that taxol core
14 would serve as an effective model substrate—in lieu of a more oxidized skeleton—to
probe the feasibility of this reaction. We were pleased to find that with simple blue LED
irradiation (centered at ~460 nm) at room temperature, the taxol core readily underwent

the desired cycloaddition to deliver the cyclotaxane core (13) in a remarkable 98% yield.
Alternatively, we found that this cycloadduct could be obtained directly from alkyl iodide 38
using slightly modified conditions to promote a tandem deiodination/[2 + 2] cycloaddition.
Unsurprisingly, however, this route led to a lower yield of 13 (48%) due to the formation

of side products (39 and 40) that arise through radical-mediated pathways (Supporting
Information, pages S25 and S29). Notably, visible light-induced [2 + 2] photocycloadditions
are usually facilitated by an additive,%2 such as a photocatalyst.3 This work, however,
serves as a rare example of a [2 + 2] cycloaddition proceeding readily under just blue LED
irradiation without any special additives.54 To the best of our knowledge, this report also
provides the first experimental evidence supporting the plausibility of this key biosynthetic
step.55

CONCLUSIONS

In summary, we have developed unified, enantiospecific, syntheses of four distinct taxane
cores (13-16) belonging to different subsets of the taxane family. This first-of-its-kind
synthetic approach was achieved through a strategy that merged skeletal remodeling

with bioinspired elements. Building on the foundation of our previous studies, the

taxane diterpenoid ring system was assembled in relatively short order by independently
remodeling two carvone-derived cyclobutanols and then joining them together using a
powerful C-C bond cleavage/cross-coupling/aldol sequence. This convergent approach,
which forged the more oxidized taxagifine core (16) first, mitigated late-stage oxidation
manipulations and enabled us to rapidly construct other classical taxane cores, including

the taxezopidine A (15) and taxol (14) cores. Notably, a Sm(11)-mediated rearrangement
expedited this process. Finally, by leveraging bioinspired logic, the taxol core (14) was
transformed into the nonclassical cyclotaxane core (13) using an unprecedented visible light-
induced transannular [2 + 2] photocycloaddition. Together, these powerful tactics facilitated
entry into multiple complex taxane cores, requiring only 13-16 steps from known materials.
Given that over half of all known taxanes contain the four cores (13-16) presented here, this
general synthetic approach may provide access to myriad taxane natural products and will
serve as the foundation for future synthetic efforts.
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Figure 1.

Taxane natural products. (A) Representative classical taxanes contain a 6/8/6 ring
system decorated with varying patterns of oxygenation. (B) Representative nonclassical
cyclotaxanes contain the classical 6/8/6 core with additional transannular bonds. (C)
Proposed taxane biosynthesis.
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Figure 2.
Carvone skeletal remodeling strategy for complex diterpenoid synthesis. (A) Our previous

syntheses of phomactin A, xishacorene B, and a simplified taxane core. One carvone-derived
cyclobutanol was remodeled to each of these scaffolds using transition metal-catalyzed C-C
bond cleavage. (B) Our current approach to taxane synthesis. A series of nonclassical and
classical taxane cores were envisioned to arise from both carvone-derived cyclobutanols by
using bioinspired tactics and skeletal remodeling enabled by C-C and C-O bond cleavage.
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C-C bond cleavage
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Figure 3.

Synthesis of the coupling fragments. (A) Synthetic route to the northern C-ring fragment
(17). (B) Synthetic route to the southern A-ring fragment (18). All steps leading to

both these fragments were performed on gram scale. TBSCI, tert-butyldimethylsilyl
chloride; MS, molecular sieves; THF, tetrahydrofuran; KHMDS, potassium
bis(trimethylsilyl)amide; PhNTf,, phenyl triflimide; TBAF, tetrabutylammonium fluoride;
PIDA, (diacetoxyiodo)benzene; TEMPO, 2,2,6,6-tetramethylpiperidine 1-oxyl; TBSOTT,
tert-butyldimethylsilyl trifluoromethanesulfonate; m-CPBA, meta-chloroperbenzoic acid;
DMP, Dess—Martin periodinane; TMSOTT, trimethylsilyl trifluoromethanesulfonate.

JAm Chem Soc. Author manuscript; available in PMC 2023 February 06.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Perea et al. Page 16

A
M
o Wb Pd(OAC); (mol%) ™ H
% OH ligand (mol%) 0 Me _ o
’ L M additive (mol%) @%&E © via stereoinvertive process
© o] Cs,C0;3 (2 equiv) Me (o] L —~—— NOE correlation

benzene (0.1 M), 80 °C o

C-ring fragment (17) A-ring fragment (18) desired di ymer (28) undesired diastereomer (29)
entry? Pd mol% ligand (mol%) additive (mol%) dr® (desired : undesired) yield® (desired) yield® (undesired) o
1 10% SPhos (20%) noeng 0:100 0% 30%
2 10% AsPh; (20%) none 27:73 8% 21%
3 20% AsPhy (50%) none 31:69 20% 45%
4 20% AsPhs (50%) 1.4-benzoquinone (20%) 94:6 67% 5% (o]
59 20% AsPhs (50%) 1,4-benzoquinone (20%) nd. (68%)° n.d. 1,4-benzoquinone
B o C o Desi
oxidative esired
28 LyPd 17 o LaPd® addition Catalytic
; ligand Cycle
reductive oxidative reductive exchange
elimination addition elimination
PB-carbon
elimination
\OTB reductive
Sl OTBS elimination wOTBS
W S Meo aMe
Me . o]
] Pd-Catalyzed C-C Me
LyPd H Bond Cleavage/ H 28 L. P!l
e L nPd H
(O Me .0 rass-Coupling Me /F'd"L,. \0 Me 0
Me TIO
32 g L 30 32 @%ﬂe
(o] 0 LO
oTBS
S Meo FGTBS
B-carbon ligand 48 migratory Meo B-hydride
elimination y exchange insertion 33 - elimination
H
Me 1l
o Me Pd'lL, Me Ln!:,d"‘-H
o I
ws N0 Me_o
o 3 34 @%@
o]
o]

Figure 4.
Pd-catalyzed C—C bond cleavage/cross-coupling. (A) Optimization of the cross-coupling

reaction. (B) Proposed mechanism of the desired coupling. (C) Proposed mechanism of
the undesired coupling. 2All entries: Pd(OAC), as pre-catalyst, ca. 0.02 mmol 18 (unless
otherwise noted), 1.25 equiv 17, 2 equiv Cs,CO3, 0.1 M (benzene), 80 °C, 21 h (unless
otherwise noted). Pdr determined from 1H NMR of crude reaction mixture. ©H NMR
yield using mesitylene as an internal standard, based on the limiting coupling fragment
(18). 92.9 mmol 18 and 27 h. elsolated yield. A full summary of the cross-coupling
optimization is provided in the Supporting Information (Table S1, page S14). SPhos,
2-dicyclohexylphosphino-2”,6”-dimethoxybiphenyl; NOE, nuclear Overhauser effect; n.d.,
not determined.
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Figure 5.

Synthesis of diverse taxane cores. X-ray crystal structures were visualized using CY Lview,5*
and all TBS groups and nonstereogenic hydrogens have been removed for clarity. LHMDS,
lithium bis(trimethylsilyl)amide; PPTS, pyridinium p-toluenesulfonate; PhMe, toluene;
DMF, dimethylformamide; (TMS)3SiH, tris(trimethylsilyl)silane.
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