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The insertion of alkylidene carbenes into C-H bonds is a
powerful synthetic tool for constructing stereochemically defined
quaternary carbon centers.1 Various forms of alkylidene carbene
species, including 1-4, have been studied for their reactivity and
employed in natural product syntheses.2 In general, the C-H bonds
become more reactive toward carbene insertion if an oxygen atom
is directly connected to the reacting C-H bond.3 However, how
the oxygen atom activates the C-H bonds toward insertion or how
much it contributes to the reactivity of the C-H bonds in 2 and 3
relative to that in 1 has not been elucidated.

If the activating role of oxygen is due to its lone-pair electrons
through n(O) f σ*(C-H) electron delocalization, the extent of its
(stereo)electronic effect would be very different among 2-4 in view
of the cyclic nature of transition state for the C-H insertion.3a,4 This
hypothesis can be tested with substrates containing combinations of
competing carbene moieties 1-4. A comparison of the reactivities and
selectivities of conformationally constrained systems 5 and 6 would
be particularly instrumental. If the predicted stereoelectronic effect of
the oxygen is important, carbene 5 would generate 7 via selective
insertion into the axial (O)C-Ha bond. On the other hand, insertion
of carbene 6 would take place at (C)C-Hb bond to generate 8 because
in this case the oxygen just deactivates the (O)C-Ha bond inductively
(Scheme 1). In this communication, we report a systematic study of
C-H insertion reactions that reveals a strong stereoelectronic effect
of oxygen. The utility and scope of the regioselective C-H insertion
process was further demonstrated with carbene 9 to construct the ring-
junction quaternary carbon center of 10, providing rapid access to an
immediate precursor for platensimycin.

First, the effect of the oxygen atom in C-H insertion was
examined with substrates where the oxygen substituent becomes
endocyclic (11a, 11b), exocyclic (11c), or both (11d) in the incipient
rings (Table 1). Insertion reactions of 11a and 11b occurred
exclusively with the C-Ha bonds on the carbon carrying the oxygen
atom, providing 12a and 12b in 90 and 74% yields, respectively.
On the other hand, insertion with 11c afforded a mixture of 12c
and 12c′ in a 10:1 ratio (96%), which might be due to a less
pronounced effect of the exocyclic oxygen of the incipient ring
compared with that of the corresponding endocyclic oxygen in 12b.
We anticipated that substrate 11d with both endo- and exocyclic
oxygen substituents should be doubly activating and thus would
provide a larger ratio of 12d over 12d′. However, products 12d
and 12d′ were formed in a 10:1 ratio and 86% yield. This result
implies that only one of the oxygens plays an activating role for
the C-H insertion.

Next, we examined the insertion behavior of substrates 11e-h,
where the oxygen exo to the incipient ring remains constant (OBn)
while the endo oxygen substituent varies (Table 2). Insertions with
11e and 11f afforded 2:1 and 1.5:1 ratios of 12e to 12e′ (96%) and
12f to 12f′ (89%), respectively. On the other hand, 11g and 11h
showed the reverse preference for the insertion, providing 0.7:1
and 0.5:1 ratios of 12g to 12g′ (82%) and 12h to 12h′ (80%).
Clearly, a general trend in the selectivity emerged from these
reactions: the activating effect of the endocyclic oxygen is more
pronounced than that of the exocyclic oxygen, but the extent of
their effects depends on the nature of their substituents. The
deactivating effect of the exo oxygen substituent (a methoxy group)
in 11h (as well as in 11d) for C-Ha insertion was rather unexpected.

Scheme 1. Selective C-H Insertion of Alkylidene Carbenes

Table 1. Selective C-H Insertion of Alkylidene Carbenesa

a Reaction conditions: TMSCHN2 (1.5 equiv), n-BuLi (1.6 equiv),
-78 °C to room temperature in THF over 3 h.
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Next, insertion reactions of substrates bearing a branching point
at either the �- (11i, 11j) or γ-position (11k, 11l) relative to the
carbenic carbon were examined (Table 3). Both substrates 11i and
11j afforded products 12i (82%) and 12j (85%) via selective
insertion into the C-Ha bond of the carbon carrying the oxygen
atom. On the other hand, substrates 11k and 11l having γ-branches
with OBn and OTBS groups, respectively, on the carbon undergoing
the C-H insertion generated 7:1 mixtures of 12k/12k′ and 12l/
12l′ mixtures in 88 and 76% yields, respectively. The lack of the
competing insertion into the relatively more reactive benzylic C-Hb

on 11i/11j as opposed to the participation of the less reactive C-Hb

in 11k/11l is noteworthy. This difference is another piece of
evidence supporting the general trend that the oxygen endo to the
incipient ring activates the C-H bond more effectively for C-H
insertion than the corresponding exo oxygen substituent.

To gain further insight into the factors that affect the regioselectivity
of the insertion, pyran-containing substrates 11m-q were examined
(Table 4). As expected, the selective insertion into the C-Ha bonds
of the pyran rings of 11m and 11n provided products 12m and 12n in
69 and 65% yield, respectively. Allene 13n was also formed in 20%
yield from 11n as a result of a competing intermolecular reaction of
the alkylidene carbene intermediate with trimethylsilyl diazomethane,
which is probably due to a reduced rate of C-H insertion in this cyclic
system.5 The cis-1,4-disubstituted substrate 11o, on the other hand,
provided predominantly 12o via insertion into the seemingly less
reactive C-Hb bond and the minor product 12o′ in a 12:1 ratio (62%)
together with 24% of allene 13o. We believe that the opposite C-H
insertion regioselectivities of 11n and 11o are caused by the stereo-
electronic effect depicted in Scheme 1. Similarly, reaction of substrates
11p and 11q afforded products 12p and 10 via preferred insertion into
the C-Ha bonds attached to the carbon not carrying the oxygen atom,

which further supports the strong stereoelectronic and inductive effects
of oxygen with respect to the reactivity of the C-H bond.

With the regioselective formation of 10, we embarked on the
synthesis of platensimycin, a potent antibacterial agent against gram-
positive bacteria including the multi-drug-resistant strains of
staphylococci and enterococci.6 Because of its novel mechanism
of action and structural features, platensimycin has drawn significant
interest from both the synthetic and medical communities.7 Since
Nicolaou’s first total synthesis, many elegant syntheses of platen-
simycin and its analogues have been reported.8,9 The current
strategy harnessing the C-H insertion to form one of the key
quaternary carbon centers of the platensimycin core would constitute
a unique synthetic approach.

From a retrosynthetic perspective, platensimycin would be
derived from tetracyclic core 14 through established methods
(Scheme 2). Enone 14 could be realized via an oxidative double
bond cleavage of 10 followed by an intramolecular aldol reaction.
The cyclopentene motif of 10 in turn would be installed by the
regioselective C-H insertion of alkylidene carbene generated from
11q by adding lithiated trimethylsilyl diazomethane.1,10 The five-
membered carbocycle in 11q would be constructed on the inter-

Table 2. Selectivity in C-H Insertion of Alkylidene Carbenesa

a Reaction conditions were same as in Table 1.

Table 3. Selectivity in C-H Insertion of Branched Carbenesa

a Reaction conditions were the same as in Table 1.

Table 4. Selectivity in Conformationally Constrained Pyrans

Scheme 2. Retrosynthetic Analysis of Platensimycin
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mediate derived from (S)-carvone via radical-mediated C-C bond
formation between C8 and C3.

Our synthetic sequence (Scheme 3) commenced with the
stereoselective reduction of commercially available (S)-carvone with
LAH (-78 °C, 15:1 selectivity) followed by bromoetherification
of the crude alcohol (NBS, -78 °C), generating bridged oxabicycle
15 (12:1 selectivity).11 The stereochemistry at the newly formed
quaternary center was inferred on the basis of similar transforma-
tions8g,12 and ultimately confirmed in the following stage.13 Allylic
oxidation of 15 yielded a mixture of aldehyde 16 and the
corresponding allylic alcohol, which was further oxidized to 16
with PCC. Radical-mediated cyclization of 1614 was proved to
depend critically on the reaction temperature. An initial attempt at
100 °C gave 17 as a mixture of epimers in a 2.5:1 ratio with 75%
yield, while lowering the reaction temperature to ∼65 °C improved
both the yield and selectivity (81%, 4.5:1). To elaborate aldehyde
17 to form the tetracyclic enone core of platensimycin, a one-carbon
homologation was performed in a two-step sequence involving a

Wittig reaction followed by treatment with NBS/zinc powder,9d

delivering aldehyde 18. Subsequent addition of methyl Grignard
reagent gave the corresponding alcohol, which was oxidized to
ketone 11q in quantitative yield. The treatment of ketone 11q with
lithiated trimethylsilyl diazomethane afforded C-H insertion
product 10 and allene byproduct 13q in a 3:1 ratio. Dihydroxylation
of 10 followed by oxidative cleavage of the resulting diol with
NaIO4 afforded a ketoaldehyde intermediate, treatment of which
with KOH provided enone 14 in excellent yield. The 1H and 13C
NMR spectra of 14 were identical to those reported by Nicolaou
and others.8

In summary, a systematic study of C-H insertion reactions with
variously substituted and conformationally constrained substrates
was carried out. High selectivity in the insertion between two
competing C-H bonds was observed and is believed to be the
manifestation of a strong stereoelectronic effect of oxygen substit-
uents. This regioselective C-H insertion reaction was employed
as a platform to develop a concise asymmetric synthesis of
platensimycin. The tetracyclic core of platensimycin was obtained
starting from commercially available (S)-carvone in 11 steps with
8% overall yield without the need to manipulate protecting groups.

Further study to elucidate the origin of the selectivity in C-H
insertions is in progress.
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Scheme 3. Synthesis of the Tricyclic Caged Frameworka

a (a) LAH, Et2O, -78 °C. (b) NBS, THF, -78 °C, 86% over two steps.
(c) SeO2, AcOH/CH2Cl2. (d) PCC, CH2Cl2, 61% over two steps. (e) AIBN
(0.1 equiv), Bu3SnH, benzene, 65 °C, 81%. (f) Ph3PCH2OMeCl, n-BuLi,
THF, -78 °C to rt; NBS, THF/H2O (10:1), 0 °C to rt; NH4Cl(aq), Zn. (g)
MeMgBr, THF, 0 °C, 66% over two steps. (h) PCC, CH2Cl2, 98%. (i)
Me3SiCHN2, n-BuLi, THF, -78 °C to rt. (j) OsO4, NMO, pyridine (2 equiv),
acetone/H2O (4:1), 40 °C, 48 h, 45% over two steps. (k) NaIO4 (2 equiv),
THF/H2O (1:1). (l) KOH (5 equiv), EtOH, 86% over two steps.
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