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A coupling partner-dependent unsymmetrical C–H bond functionalization of N-phenoxyacetamides

leading to the formation of sophisticated spirocyclic scaffolds is presented herein. To be specific, spiro-

pyrazolonyl indazoles were formed from N-phenoxyacetamides and diazopyrazolones through sequential

C–H bond cleavage and carbene insertion into two different phenyl moieties. On the other hand, bispir-

ooxindoyl dihydrobenzofurans were formed from N-phenoxyacetamides and diazooxindoles through C–

H bond cleavage and cascade carbene insertion into phenyl and oxindoyl moieties, respectively. These

transformations not only provided effective strategies for the synthesis of the otherwise difficult-to-

obtain spiroheterocyclic skeletons from simple and readily available substrates in a straightforward

and atom-economic manner, but also disclosed some unprecedented reaction modes of

N-phenoxyacetamides with cyclic diazo compounds. Structural elaborations of the products obtained

herein furnished some valuable heptacyclic architectures. Mechanistic experiments and DFT calculations

were also carried out to unveil the reaction mechanisms, especially the origin of the excellent chemo-

selectivity and diastereoselectivity demonstrated in the formation of bispirooxindoyl dihydrobenzofuran

products.

Introduction

Tremendous advances have been made in the development of
more practical and efficient synthetic methods towards func-
tional organic molecules, but the pursuit of step-economical
methods enabling precise assembly of complex molecular
scaffolds is still highly attractive, and the goal of this work is
to develop an effective strategy for the design of catalytic
cascade reactions enabling the formation of multiple bonds in
a one-pot reaction.1

Transition metal (TM)-catalyzed and directing group (DG)-
assisted functionalization of ubiquitous C–H bonds in organic
molecules is sustainable and atom-economical,2 and in this
respect, multiple unsymmetrical C–H bond functionalization

accomplished by a catalytic one-pot reaction is particularly
attractive to furnish complex molecules from non-stereogenic
simple starting materials. However, this can be daunting since
chelation-assisted C–H bond activation is specific to DGs and
catalysts,2f so the reaction conditions for the first C–H acti-
vation are often untenable for the next as the functional group
(FG) introduced from the proceeding step might adversely
affect subsequent C–H functionalization due to its electronic
and/or steric effect. Therefore, such multiple C–H activation
transformations can be tricky considering the different con-
ditions needed for both activations.

The C(sp2)–H bond functionalization of N-phenoxyacetamides
with various coupling partners has been successfully used in
the synthesis of a broad spectrum of organic compounds,3

due to the fact that the -ONHR moiety embedded in
N-phenoxyamides can serve as not only a directing group but
also an intramolecular oxidant. This unique feature eliminates
the need for stoichiometric additional oxidants, allowing sim-
plified reactivity and enhanced efficiency/selectivity. On the
other hand, metal-carbenes generated from diazo compounds
through facile extrusion of N2 have been utilized as versatile
coupling partners in C–H bond functionalization reactions of
N-phenoxyamides.4 In this regard, Wang and co-workers
have developed a Rh(III)-catalyzed functionalization of
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N-phenoxyacetamides with diazoesters to give ortho-alkenyl
phenols (Scheme 1a).4a Yi et al. reported a Rh(III)-catalyzed C–
H bond insertion of N-phenoxyacetamides with
α-diazomalonates to give 2-(2-hydroxyphenyl)-2-alkoxymalo-
nates (Scheme 1b).4b Liu et al. reported a Rh(III)-catalyzed reac-
tion of N-aryloxyacetamides with 6-diazo-2-cyclohexenones to
provide ortho-biphenols (Scheme 1c).4c In addition, Zhou et al.
recently reported a one-pot unsymmetrical cascade C–H alkyl-
ation and amidation of N-phenoxyacetamides with
α-diazomalonates (Scheme 1d).4d

Inspired by these elegant pioneering studies and continu-
ing our interest on the functionalization of inert chemical
bonds,5,6 in this work we endeavored to design and explore the
reactions of N-phenoxyacetamides with diazopyrazolones7 and
diazooxindoles8 with the aim of obtaining new chemical enti-
ties that have potential pharmaceutical and material appli-
cations. Serendipitously, we found two unprecedented distinct
reaction modes of N-phenoxyacetamides under the catalysis of
Rh(III). First, when 4-diazo-3-methyl-1-phenyl-1H-pyrazol-5(4H)-
one (2a) was reacted with N-phenoxyacetamide (1a), a spiropyr-
azolonyl indazole derivative tethered with a phenol moiety (3a)
was formed through cascade unsymmetrical C–H bond
functionalization and carbene insertion (Scheme 1e).
Interestingly, the first functionalization occurred on the
phenyl ring of 1a as expected while the second one took place
unexpectedly on the phenyl ring of the in situ introduced
2-phenylpyrazolonyl moiety from 2a. Second, when 3-diazo-1-
phenylindolin-2-one (4a) was reacted with 1a, a bispirooxin-
doyl dihydrobenzofuran derivative (5a) was obtained through
one-pot C–H bond functionalization and double carbene inser-
tion (Scheme 1f). The first insertion occurred on the phenyl
ring of 1a while the second one surprisingly took place on the
in situ introduced oxindoyl moiety from 4a, thus resulting in a
novel [3 + 1 + 1] bispirocyclization of N-phenoxyacetamide with
two diazooxindoles. It is worth noting that while sequential
carbene insertions with diazo compounds as carbene precur-
sors have been previously reported, they usually occur symme-
trically on the two ortho-sites of the same substrates.4e,f To our

knowledge, the unsymmetrical reaction modes as shown in
Scheme 1e and f have not been reported previously. In
addition, the introduction of spiro moieties often effectively
alters the physicochemical and biological properties of parent
compounds due to the high rigidity and unique three-dimen-
sional geometries of spiro structures. Among various spiro
scaffolds, spiropyrazolones9 and spirooxindoles10 are ubiqui-
tous in natural products, pharmaceuticals, agrochemicals,
dyes and chelating agents (Fig. 1). Therefore, the development
of novel methods for the preparation of spiropyrazolone and
bispirooxindole derivatives from easily obtainable substrates
through a simple operation is highly valuable.

Results and discussion

Initially, a mixture of N-phenoxyacetamide (1a) and 4-diazo-3-
methyl-1-phenyl-1H-pyrazol-5(4H)-one (2a) was treated with
[RhCp*Cl2]2 and CsOAc in DCE at 50 °C for 24 h forming spiro-
pyrazolonyl indazole 3a in 25% yield (Table 1, entry 1).
Encouraged by this result, a systematic optimization study was
carried out. First, catalyst screening was conducted using
[IrCp*Cl2]2, CoCp*(CO)I2, [RhCp*(MeCN)3](SbF6)2, [Ru(p-
cymene)Cl2]2 and MnBr(CO)5 (entries 2–6). The Rh complex
[RhCp*(MeCN)3](SbF6)2 showed similar performance to
[RhCp*Cl2]2 while others were not effective. When K3PO4 was
used as an additive with CsOAc, 3a was formed in 65% yield
(entry 7). Replacing K3PO4 with KH2PO4, K2HPO4 or KOAc
decreased the yield (entries 8–10). Replacing CsOAc with CsF,
Cs2CO3, CsOPiv, NaOAc, KOAc or AgOAc resulted in a lower
reaction efficiency (entries 11–16). Subsequently, the effect of
different solvents such as CHCl3, DCM, ethanol, MeCN,
dioxane and PhCl was further investigated. They were inferior
to DCE (entries 17–22). When it was performed at higher temp-
erature, the yield of 3a decreased obviously (entry 23). As a
control experiment, 3a was not formed in the absence of the
Rh(III) catalyst (entry 24).

With the established optimal reaction conditions to give 3a,
the substrate scope of this reaction was expanded. First,
diverse substituted N-phenoxyacetamides 1 were tested
through their reactions with 2a (Scheme 2), and it was found
that the reactions of 1 bearing methyl, isopropyl, tert-butyl,

Scheme 1 Reactions of N-phenoxyacetamide with diazo compounds. Fig. 1 Some important spiropyrazolone and spirooxindole derivatives.
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phenyl, fluoro, chloro, bromo, iodo or ester groups on the
para-position of its phenyl moiety proceeded smoothly to
afford products 3b–3j. Notably, chemically active disubstituted
N-phenoxyacetamide reacted with 2a to furnish 3o in good
yield. When ortho-substituted N-phenoxyacetamide was tried,
the desired reaction took place smoothly to give 3p.
Furthermore, the suitability of an array of diverse substituted
diazopyrazolones 2 was studied using 1a as a model substrate.
It was observed that diazopyrazolones 2 bearing methyl, ethyl,
tert-butyl, methoxy, fluoro, chloro, bromo or trifluoromethyl
units on different sites of their N-phenyl moiety were viable
coupling partners to afford 3q–3y in moderate to good yields.
Notably, no obvious electronic or steric effect was observed in
these cases. In addition to the phenyl unit, the diazopyrazo-
lone bearing the N-naphthyl moiety took part in this reaction
to give 3z. Changing the R3 unit on the pyrazolonyl ring from
methyl to ethyl led to 3aa. Notably, the structure of 3a was
unambiguously confirmed by single-crystal X-ray diffraction
analysis.

Thus far, we have established an effective and easy syn-
thesis of spiropyrazolonyl indazoles 3 from the cascade reac-
tion of N-phenoxyacetamides 1 with diazopyrazolones 2. Based
on the structure of 3, it was deduced that cascade unsymmetri-

cal C(sp2)–H bond functionalization and carbene insertion
reactions must have occurred on different phenyl units during
their formation, first on the phenyl ring of 1 and second on
the phenyl ring of the N-phenylpyrazolonyl moiety in situ intro-
duced from 2, using the NH unit as a DG. Inspired by this
intriguing result, we were then interested in testing the suit-
ability of other kinds of cyclic diazo compounds as possible
coupling partners with the aim to broaden the horizon of this
unsymmetrical C–H functionalization strategy. Thus, we chose
to react 1a with 3-diazo-1-phenylindolin-2-one (4a). It was envi-
sioned that 1a might first react with 4a to give A via ortho-C–H
activation and carbene insertion on the phenyl ring of 1a
(Scheme 3). Under the reaction conditions, A might continue
to undergo the second C–H bond activation and carbene inser-
tion with 4a on the ortho-position of the N-phenyl ring of the
in situ introduced indolinone moiety using the carbonyl unit
of indolinone as a weakly coordinating DG to give the bisindo-
linone derivative B.

Table 1 Optimization study for the formation of 3a a

Entry Catalyst
Additive
1

Additive
2 Solvent

Yieldb

(%)

1 [RhCp*Cl2]2 CsOAc DCE 25
2 [IrCp*Cl2]2 CsOAc DCE Trace
3 CoCp*(CO)I2 CsOAc DCE ND
4 [RhCp*(MeCN)3]

(SbF6)2
CsOAc DCE 23

5 [Ru(p-cymene)Cl2]2 CsOAc DCE ND
6 MnBr(CO)5 CsOAc DCE ND
7 [RhCp*Cl2]2 CsOAc K3PO4 DCE 65
8 [RhCp*Cl2]2 CsOAc KH2PO4 DCE 48
9 [RhCp*Cl2]2 CsOAc K2HPO4 DCE 39
10 [RhCp*Cl2]2 CsOAc KOAc DCE 39
11 [RhCp*Cl2]2 CsF K3PO4 DCE 25
12 [RhCp*Cl2]2 Cs2CO3 K3PO4 DCE Trace
13 [RhCp*Cl2]2 CsOPiv K3PO4 DCE ND
14 [RhCp*Cl2]2 NaOAc K3PO4 DCE 33
15 [RhCp*Cl2]2 KOAc K3PO4 DCE 25
16 [RhCp*Cl2]2 AgOAc K3PO4 DCE 21
17 [RhCp*Cl2]2 CsOAc K3PO4 CHCl3 30
18 [RhCp*Cl2]2 CsOAc K3PO4 DCM 28
19 [RhCp*Cl2]2 CsOAc K3PO4 EtOH Trace
20 [RhCp*Cl2]2 CsOAc K3PO4 MeCN Trace
21 [RhCp*Cl2]2 CsOAc K3PO4 Dioxane Trace
22 [RhCp*Cl2]2 CsOAc K3PO4 PhCl Trace
23c [RhCp*Cl2]2 CsOAc K3PO4 DCE 55
24 CsOAc K3PO4 DCE ND

a Reaction conditions: 1a (0.2 mmol), 2a (0.44 mmol), catalyst
(2.5 mol%), additive 1 (0.2 mmol), additive 2 (0.2 mmol), solvent
(2 mL), 50 °C, air, 24 h. b Isolated yields. c 60 °C.

Scheme 2 Substrate scope for the synthesis of 3. Reaction conditions:
1 (0.2 mmol), 2 (0.44 mmol), [RhCp*Cl2]2 (2.5 mol%), CsOAc (0.2 mmol),
K3PO4 (0.2 mmol), DCE (2 mL), 50 °C, air, 24 h. Isolated yield.

Scheme 3 Envisioned reaction of N-phenoxyacetamide with 3-diazo-
1-phenylindolin-2-one.
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To test the feasibility of the reaction proposed in Scheme 3,
a mixture of 1a and 4a was subjected to the standard con-
ditions used in Scheme 2. Under this circumstance, however,
the formation of the envisioned product B was not detected.
Meanwhile, a bispirooxindoyl dihydrobenzofuran derivative 5a
was isolated (Scheme 3). Even though in low yield, the serendi-
pitous formation of 5a aroused our strong interest as an
alternative cascade process of C–H bond activation and unsym-
metrical carbene insertions should have occurred, first on the
phenyl ring of 1a and second on the C3 position of the in situ
introduced oxindoyl moiety rather than its N-phenyl unit. As a
sequential construction of vicinal spiro centers is considerably
challenging due to their high steric hindrance, the formation
of 5a is mechanistically and synthetically promising. In
addition, the dihydrobenzofuran moiety is common in natural
products and synthetic compounds possessing significant
antidepressant, antifungal, antitubercular, antitussive, opioid
analgesic, opioid antagonizing, antiarrhythmic and antiproli-
ferative activities.11 While a number of synthetic methods have
been reported for the synthesis of benzofuran derivatives,11,12

there is still no precedent for the diastereoselective synthesis
of bispirooxindoyl benzofurans starting from acyclic sub-
strates. Therefore, the rapid assembly of structurally complex
molecules like 5a will be attractive.

To translate this serendipitous finding into an effective and
reliable synthetic protocol, systematic screening of the para-
meters possibly affecting the reaction efficiency was carried
out using the more economical 3-diazo-1-methylindolin-2-one
(4b) as a model coupling partner to react with 1a. It was
thus found that by treating 1a with 4b in the presence of
[RhCp*Cl2]2 (7 mol%) and CsOAc (10 mol%) in dioxane (2 mL)
at 40 °C in air for 4 h, the desired product 5b was obtained in
66% yield and its structure was unambiguously confirmed by
single-crystal X-ray diffraction analysis (Scheme 4). In follow-
up studies, the scope of N-phenoxyacetamides 1 for the for-
mation of 5 was thoroughly explored. The results included in
Scheme 4 showed that 1, attached with either an electron-
donating group including methyl, isopropyl, tert-butyl, phenyl
or an electron-withdrawing group such as fluoro, chloro,
bromo, iodo, or ester on the para position of the phenyl ring,
reacted with 4b efficiently to afford 5c–5k in moderate to good
yields. The compatibility of bromo, iodo and ester groups
allows for further product scope. Interestingly, 1 bearing a
chain ester unit gave 5l in reasonably good yield. Notably, the
reactions of meta-methyl or meta-isopropyl substituted
N-phenoxyacetamides occurred regioselectively on the less hin-
dered site to give 5m, 5n and 5o. When ortho-substituted
N-phenoxyacetamides were tried, the desired products 5p and
5q were formed smoothly. The N-phenoxyacetamide substrate
derived from estrone was found to be also compatible with
this spiroannulation reaction to give diastereoisomeric pairs 5r
and 5r′, indicating that this reaction can be applied for the
late-stage assembly of bioactive complexes. Next, the generality
of diazooxindoles 4 as coupling partners for this reaction was
studied. The diazooxindole 4 bearing a methyl, fluoro, chloro,
bromo or iodo unit on different sites of the oxindole scaffold

competently reacted with 1a to form the desired products 5s–
5bb in moderate to good yields with no deleterious electronic
or steric effect. Diazooxindoles 4 bearing various N-alkyl sub-
stituents other than the methyl unit were also used. It was
found that N-ethyl, benzyl, 4-methylbenzyl, 3-methylbenzyl,
2-methylbenzyl and 2-phenylethyl substituted diazo oxindoles
reacted with 1a smoothly to give 5cc–5hh in comparable
efficiencies.

To demonstrate the synthetic utility of the products, further
transformations of 3a and 5b were conducted and the results
are shown in Scheme 5. First, 3a was treated with methyl
iodide in the presence of K2CO3 in DMF to give the anisole
derivative 6. Next, Rh(III)-catalyzed C–H olefination of 6 with
ethyl acrylate furnished product 7. On the other hand, 3a was
treated with dimethyl carbamoyl chloride (DMCC) in the pres-
ence of Cs2CO3 and DMAP to afford the carbamate derivative
8. Furthermore, Rh(III)-catalyzed C–H olefination of 8 with
ethyl acrylate gave a doubly functionalized product 9.13 As
another aspect, when product 5b was treated with LiAlH4, a
structurally unique heptacyclic product 10 was formed with
good efficiency. Notably, the structure of 10 was unambigu-
ously confirmed by X-ray diffraction analysis. In addition,
reacting 5b with MeMgBr gave another heptacyclic product 11
bearing four fully substituted carbon centers. In addition,
through the reaction of 5b with BH3·Me2S, product 12 was gen-
erated through carbonyl reduction and C–C bond cleavage.
Finally, larger-scale syntheses of 3a and 5b were also carried
out, in which 2 mmol of 1a was treated with 4.4 mmol of 2a
under standard conditions to afford 3a in 52% yield, and

Scheme 4 Substrate scope for the synthesis of 5. Reaction conditions:
1 (0.2 mmol), 4 (0.5 mmol), [RhCp*Cl2]2 (7 mol%), CsOAc (10 mol%),
dioxane (2 mL), 40 °C, air, 4 h. Isolated yield.
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2 mmol of 1a was treated with 5 mmol of 4b to furnish 5b in
56% yield (also shown in Scheme 5).

Experimental mechanistic studies were performed to under-
stand how 3a was generated. Compound 1a was subjected to
standard conditions in the presence of 10 equiv. of D2O for
1 h. As a result, 30% H/D exchange at the ortho-positions of

the phenyl ring of 1a was observed, suggesting that C–H acti-
vation has occurred under the catalysis of the Rh(III) catalyst
(Scheme 6a). When the reaction of 1a with 2a was carried out
in the presence of 10 equiv. of D2O for 1 h, deuterium incor-
porations were also observed in 3a, revealing that the C–H acti-
vation process might be reversible (Scheme 6b). Kinetic isoto-
pic effect (KIE) studies were performed by treating an equi-
molar mixture of 1a/1a-d5 with 2a under standard conditions
for 5 h (Scheme 6c). A kH/kD value of 1.5 indicated that the first
C–H bond activation might not be involved in the rate-limiting
step in the formation of 3a. Furthermore, when 1a was reacted
with [RhCp*Cl2]2 in the presence of Ag2CO3 in CH2Cl2 at
ambient temperature for 12 h, a rhodacycle species I was
obtained in 76% yield (Scheme 6d).14 Using I as a catalyst,
the reaction of 1a with 2a afforded 3a in 59% yield, indicating
that I might have been involved in the formation of 3a
(Scheme 6e).

With support from the experimental work and literature
reports,4 a plausible mechanism for the formation of 3a from
the reaction of 1a with 2a is shown in Scheme 7. First, the
ligand exchange of the [RhCp*Cl2]2 complex with CsOAc forms
RhCp*(OAc)2, which activates the ortho-C–H bond of 1a to
furnish a rhodacycle intermediate I. Intermediate I further
reacts with 2a to form Rh carbene II through dediazonization.
Migratory insertion of the RhvC bond into the Rh–aryl bond
expands the ring to a 6-membered intermediate III.
Protonation of III with HOAc affords intermediate IV and
regenerates the Rh(III) catalyst. The next C–H bond activation
takes place on the ortho-position of the N-phenyl moiety of
intermediate IV using the –NH moiety as a directing group,
which proceeds to furnish another rhodacycle intermediate V.
The extrusion of N2 from 2a by reacting with V forms complex
VI. Migratory insertion of the RhvC bond into the Rh–aryl
bond affords intermediate VII, and a reductive elimination

Scheme 5 Structural elaborations of 3a and 5b and enlarged scale
preparations.

Scheme 6 Mechanistic studies. Scheme 7 Proposed mechanism accounting for the formation of 3a.
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occurs with VII to give VIII and a Rh(I) species. Oxidative inser-
tion of Rh(I) into the N–O bond of VIII furnishes intermediate
IX. Protonation of IX affords product 3a, AcNH2 and the regen-
erated Rh(III) catalyst. The formation of intermediates IV and

VIII as proposed in Scheme 7 was supported by the HRMS ana-
lysis of the resulting mixture of the reaction between 1a and 2a
under the standard conditions for 10 h (see the ESI† for
details).

Scheme 8 A DFT model for single 4b addition products. Solution free energies in kcal mol−1 relative to CPX1.

Scheme 9 A DFT model for 4b addition. Solution free energies in kcal mol−1 relative to CPX1.

Fig. 2 DFT calculations predicting the mechanism and diastereo-selective transformation of CPX3/CPX3’. Solution free energies in kcal mol−1 rela-
tive to CPX3.
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To unveil the reaction mechanism and the origin of chemo-
selectivity and diastereoselectivity for the formation of 5b from
the reaction of 1a with 4b, calculations were carried out (see
ESI† mechanism prediction and density functional theory
(DFT) for full computational details). First, the in situ gener-
ated intermediate I reacts with 4b to form Rh carbene X, and
subsequent migratory insertion affords CPX1 (Scheme 8).
Oxidative addition of Rh(III) into the O–N bond through TS1 is
high in the solution free energy barrier, ΔG‡

sol = 38.2 kcal
mol−1, thus eliminating the possibility of forming single
carbene addition products.4

Complex CPX1 can further react with 4b to form the
carbene complex CPX2, which is endergonic (Scheme 9), ΔGsol

= 9.1 kcal mol−1, relative to CPX1. Migratory insertion of CPX2
may result in diastereomers CPX3 and CPX3′ through the cal-
culated transition states TS2 and TS2′, respectively. Although
the solution free energy of TS2′ is lower than that of TS2 by
5.4 kcal mol−1, it is possible that CPX3′ can still isomerize
through TSiso and CPX3iso to convert to the more energeti-
cally stable diastereomer CPX3, ΔGsol = −31.0 kcal mol−1 rela-
tive to CPX1 (Scheme 9).

From Fig. 2, DFT calculations for the oxidative addition of
Rh(III) into the N–O bond of CPX3 or the diastereomer CPX3′
reveal a free energy barrier of 23.2 kcal mol−1 through TS3 and
the much higher 28.7 kcal mol−1 through TS3′ to form Rh(V)
complexes CPX4 and CPX4′ (energies relative to CPX3). The
ring-closure and concomitant reductive elimination through
TS4 and TS4′ were calculated to be highly energetic at 38.6 and
28.8 kcal mol−1, respectively. To aid in the ring-closure, it is
postulated that addition of HOAc can make Rh(V) more elec-
tron-deficient and result in easier reductive elimination. On
this note, complexation of CPX4 and CPX4′ with HOAc forms
H-bonded CPX5 and CPX5′ and subsequently η2 N–Ac ligated
CPX6 and CPX6′. The reductive elimination from CPX6 or
CPX6′ leads to TS5 or TS5′, ΔG‡

sol = 19.4 or 26.7 kcal mol−1 rela-
tive to CPX3, respectively. The reductive elimination through
TS5 assisted by HOAc is indeed lower in energy as compared
to TS4 or TS4′, which leads to CPX7. Protodemetalation of
CPX7 affords the major diastereomer product 5b as corrobo-
rated by the experimental X-ray single-crystal structure.

Conclusions

We have developed coupling partner-controlled C–H bond
functionalization and carbene insertion reactions of
N-phenoxyacetamide with diazopyrazolones and diazooxin-
doles. From these reactions, structurally unique and biologi-
cally valuable spiropyrazolonyl indazole and bispirooxindoyl
dihydrobenzofuran derivatives were effectively prepared in an
atom-economical manner. Notably, these one-pot cascade C–H
functionalization and sequential carbene insertion reactions
took place on different cyclic systems, thus establishing suc-
cessful examples of unsymmetrical C–H bond functionali-
zation. Mechanistic experiments and DFT calculations helped
to unveil the reaction mechanism and to clarify the excellent

chemoselectivity and diastereoselectivity demonstrated in
these reactions. Further transformations of the products pro-
vided facile synthetic routes towards sophisticated architec-
tures including heptacyclic scaffolds bearing four fully substi-
tuted carbon centers. These synthetic transformations will be
valuable for drug discovery chemistry and related areas.
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