
Total Synthesis
DOI: 10.1002/ange.201409963

Total Synthesis of (�)-Lundurine A and Determination of its Absolute
Configuration**
Shuaijiang Jin, Jing Gong, and Yong Qin*

Abstract: A 15-step total synthesis of (�)-lundurine A (1)
from easily accessible (S)-pyrrolidinone 18 is reported. A
Simmons-Smith reaction allows the efficient, simultaneous
assembly of the cyclopropyl C ring, the six-membered D ring,
the seven-membered E ring, and the quaternary carbon
stereocenters at C2 and C7. The absolute configuration of
natural (�)-lundurine A was deduced to be 2R,7R,20R based
on the stepwise construction of the stereocenters during the
total synthesis.

Lundurines A–D (1–4, Figure 1) are Kopsia alkaloids iso-
lated from Malaysian Kopsia tenuis,[1] and effective at
bypassing multidrug resistance in vincristine-resistant KB
cells (IC50 4.6–14.2 mgmL�1). Lundurines B and D also show
promising in vitro cytotoxic activity against B16 melanoma
cells (IC50 2.8–7.2 mgmL�1).[1b] Lundurines A–D are biosyn-
thetically related to several indoline alkaloids isolated from
the same genus of plants,[2] including (iso)lapidilectines (5, 7,
and 8), grandilodines (6 and 10), lapidilectam (9), and
pauciflorines (11 and 12). Lundurines are attractive targets
to synthetic chemists not only because of their promising
biological activities, but also because of their unusual

skeleton. These alkaloids consist of a hexacyclic ring system
that includes a unique cyclopropyl ring fused to an indoline
ring, as well as three quaternary carbon stereocenters. The
major challenge in the synthesis of lundurines is the stereo-
selective formation of the cyclopropyl ring. Intensive efforts
toward the synthesis of lundurines[3] and biosynthetically
related alkaloids[4, 5] have led to two long total syntheses of
racemic lundurines A and B from Nishida and co-workers.[6]

However, they did not address the absolute configuration of
the naturally occurring compounds in their racemic synthesis.
Here we report a concise asymmetric total synthesis of (�)-
lundurine A (1), and deduce its absolute configuration.

The retrosynthetic analysis of lundurine A is shown in
Scheme 1. We envisioned a Simmons–Smith reaction (11 to 1)
to simultaneously assemble the C, D, and E rings and create

two quaternary carbon centers at C2 and C7. Diiodide 11 can
be readily prepared from aldehyde 12 using Barton�s proto-
col. Aldehyde 12 can be generated by regioselective oxidation
of the tertiary amine, followed by modification of the R
functional group in 13. Stereoselective organometallic addi-
tion to the iminium cation in 14, which can be generated
in situ from imine 15, allows construction of the quaternary
carbon center at C20 and the F ring in 13. Imine 15 can be
prepared from bromo indole 16 and enone 17 through a Heck
reaction. Enone 17 can be generated from easily accessible
(S)-pyrrolidinone 18.

Figure 1. Structure of lundurines and biosynthetically related alkaloids.

Scheme 1. Retrosynthetic analysis of lundurine A (1).
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Based on this retrosynthetic analysis, we commenced our
total synthesis by preparing the F-ring compound 13
(Scheme 2). Vinylmagnesium bromide addition to (S)-pyrro-
lidinone 18[7] provided enone 17 in 72 % yield. Heck coupling
of 17 with bromo indole 16[8] gave 19 in 81 % yield. Hydro-
genation of the double bond in 19, followed by selective
removal of the TBS protecting group afforded 20 in high
yield. Iodinating the hydroxy group of 20 and removing the
Boc protecting group generated the five-membered imine
intermediate 15. Heating a solution of this imine intermediate
15 in acetonitrile generated the iminium intermediate 14. This
intermediate was then reacted, without purification, with
organometallic reagents in THF at �78 8C to form the
quaternary carbon center at C20. The results are summarized
in Table 1.

We anticipated that organometallic addition to the
iminium cation 14 should occur preferentially at the upper
face and thereby provide the desired R stereoisomer as the
major product, because the lower face of 14 is shielded by the
bulky TBS protecting group. Unfortunately, initial experi-
ments using the lithium enolate of ethyl acetate (LDA as
a base) gave a 1:1 mixture of 13 a and 13a’ in 41 % yield
(2 steps from 15, Table 1, entry 1). Repeating this addition
with bulky LiHMDS instead of LDA gave a slightly better 2:1
ratio of 13a and 13a’ (Table 1, entry 2). We suspect that the
poor selectivity of lithium enolate addition to 14 is caused by
a coordination effect between lithium enolate and the siloxy
group adjacent to the iminium cation.[9] This interaction
favors enolate addition from the lower face. Consistent with
this interpretation, replacing lithium enolate with sodium
enolate gave a much better 6:1 ratio of 13a and 13 a’, though
the yield was only 27 % (Table 1, entries 1–3). Adding vinyl-
magnesium bromide to 14 provided 13 b as the sole stereo-
isomer in 62 % yield (Table 1, entry 4). Similarly, the reaction
of allylmagnesium bromide with 14 provided 13c and 13c’ in
an acceptable ratio of 5:1 and 65 % yield (Table 1, entry 5).
NOE experiments showed NOE correlation between the
proton at C15 and the protons in the R group of major
isomers 13 a–c, confirming an (R)-configuration at C20 for the
major stereoisomers. No such NOE correlation was found
between the proton at C15 and the protons in the R group in
the minor isomers 13a’ and 13c’.

Having established the quaternary carbon stereocenter at
C20 with an R configuration, we continued the synthesis of
(�)-lundurine A from 13a–c (Scheme 3). Initial attempts
using DIBAL-H or LiAlH4 to selectively reduce the ester
group in 13a to an aldehyde or hydroxy group failed because
of a lack of selectivity between the ester and the carbamate
groups. Trying to convert the sterically hindered double bond
in 13b to a hydroxy group through hydroboration using 9-
BBN or BH3 was unsuccessful under various conditions.
Ozonolysis of the double bond in 13c in CH2Cl2 at�78 8C also
failed to give the desired product. This reaction not only
converted the double bond in 13 c to an aldehyde functional
group, but also led to the decomposition of the electron-rich
indole substructure. In the end, after oxidizing the tertiary
amine to an amide (from 13c to 21) with RuCl3 and NaIO4,

[10]

we were able to cleave the double bond in 21 to an aldehyde
group by a two-step procedure: dihydroxylation of 21 with
AD-mix-a in aqueous tBuOH to give diol 22 in 62% yield,
followed by quantitative oxidative cleavage of the diol in 22
with NaIO4. We used AD-mix-a instead of OsO4 as a catalyst
in the dihydroxylation step because when we used OsO4 and
NMO under the same conditions, the yield of 22 was less than
10%, and several unidentified by-products were obtained.

We envisioned that a Simmons–Smith reaction[11] would
allow us to simultaneously and efficiently assemble the
cyclopropyl C ring, the six-membered D ring, the seven-
membered E ring, and the quaternary carbon stereocenters at
C2 and C7 (Scheme 3). The success of this approach would
depend on whether the diiodo compound 11 would react in
the Simmons–Smith procedure. Based on this plan, we
reacted 12 with hydrazine in CH2Cl2 and then added I2 in
a mixture of Et2O and Et3N (2:1) in order to transfer the

Scheme 2. Preparation of the F ring intermediate 13. Reagents and
conditions: a) VinylMgBr (1.5 equiv), THF, 0 8C, 2 h, 72%;
b) Pd(Ph2PCH2CH2PPh2)2 (0.2 equiv), K2CO3 (3 equiv), toluene, reflux,
4 h, 81%; c) H2 (balloon), Pd/C (10%), EtOAc, 25 8C, 5 h, 88%;
d) HOAc:THF:H2O 1:2:1, 25 8C, 24 h, 94 %; e) I2 (2 equiv), imidazole
(3 equiv), PPh3 (3 equiv), CH2Cl2, 25 8C, 30 min, 84%; f) TMSOTf
(5 equiv), 2,6-lutidine (8 equiv), CH2Cl2, 25 8C, 1 h, 82%; g) MeCN,
reflux, 1 h. TMSOTf = trimethylsilyl triflate.

Table 1: Two-step addition of organometallic reagents to 14.

Entry Reagents Yield of 13 [%][a] Ratio
(major:minor)[b]

1 EtOAc/LDA 41 (13 a + 13a’) 1:1
2 EtOAc/LiHMDS 46 (13 a + 13a’) 2:1
3 EtOAc/NaHMDS 27 (13 a + 13a’) 6:1
4 vinylMgBr 62 (13 b +13 b’) >30:1
5 allylMgBr 65 (13 c +13c’) 5:1

[a] Yield of isolated product. [b] Ratio was determined by 1H NMR
analysis of the crude product.
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aldehyde functional group in 12 to a diiodo functional group
using Barton�s protocol.[12] This functional-group transforma-
tion resulted in an inseparable mixture of 23 and 11 in
quantitative yield and in a 1:2.5 ratio. To our delight, treating
the mixture of 23 and 11 with a large excess of Et2Zn in
CH2Cl2 at room temperature for 20 h generated compound
24, possessing a hexacyclic ring system, in 63% yield (two
steps from 12), leaving the unreacted compound 23 in 27%
yield. The absolute configuration of the newly constructed
quaternary carbon centers at C2 and C7 in 24 was inferred to
be 2R,7R because the Simmons–Smith reaction of 11 can
proceed only from the upper face of the indole double bond.
After the TBS protecting group in 24 was removed using
Bu4NF, the resulting alcohol 25 was reacted with Martin
sulfurane reagent[13] to form directly the double bond at
positions C14 and C15, thus completing the total synthesis of
(�)-lundurine A (1). The synthesized lundurine A (1) showed
NMR spectra identical to those of natural lundurine A and
previously synthesized lundurine A.[1b, 6] Our synthesized
lundurine A had a negative specific rotation value ([a]D =

�83 (CHCl3, c = 0.08)), consistent with the rotation reported
for natural lundurine A ([a]D =�90 (CHCl3, c = 0.09)).[1b]

These results indicate that the natural (�)-lundurines possess
a 2R,7R,20R configuration.

In summary, we have developed a concise asymmetric
total synthesis of (�)-lundurine A (1) in 15 steps with
approximately 2% overall yield, starting from the easily
accessible (S)-pyrrolidinone 18. Stereoselective organometal-
lic addition to the in situ generated iminium cation 14 allowed
us to construct the quaternary carbon center at C20, and the
F ring. A Simmons–Smith reaction then allowed us to
simultaneously and efficiently construct the cyclopropyl
C ring, the six-membered D ring, and the seven-membered
E ring, together with the quaternary carbon stereocenters at
C2 and C7. The absolute configuration of (�)-lundurine A (1)
was determined to be 2R,7R,20R based on the stepwise
construction of stereocenters during the total synthesis.
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