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ABSTRACT

A novel synthetic approach for the formal total synthesis of N-methylmaysenine (1) has been developed. Key steps involve the Ti-mediated
vinylogous Mukaiyama aldol reaction of chiral ketene silyl N,O-acetal with �-dithiane-substituted aldehyde, an aldol condensation, and a
ring-closing metathesis reaction.

Maytansinoids are 19-membered macrolides (such as 1-3
in Fugure 1), and some are potent antimitotic agents, which
exert exceptional cytotoxicity by disrupting microtubule
assembly.1 The antitumor activity of maytansine has been
extensively evaluated in human clinical trials, but its clinical
advancement was hampered by its poor therapeutic index in
vivo.2 Because of maytansinoids’ distinguished biological
activity, there have been numerous efforts to devise efficient
syntheses of this type of natural product, culminating in total
syntheses by several laboratories.3 Recently, a novel type
of ansamitocinoside P-2 (4 in Figure 1) has been isolated
from Actinosynnema pretiosum spp. as a potent antitumor
agent by Shen and co-workers.4 A striking feature of 4 is
that its ring is decorated with an N-glycosyl amide side chain,
rather than the N-methyl amide found previously in most of
the maytansinoids.

Stimulated by our interest in the unusual biological
properties of these structurally intriguing architectures and
their natural scarcity, we have initiated a synthetic program
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Figure 1. Biologically active maytansinoids.
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exploring efficient strategies toward these natural products
themselves, as well as their structurally related analogs,
which we hope could potentially lead to improve therapeutic
profiles. In this paper we wish to describe the formal total
synthesis of N-methylmaysenine (1), and we choose 5 as
the specific synthetic target because it could act as a pivotal
parent structure allowing access to all other maytansinoids.

The scaffold of maytansinoids features a conjugated diene,
an N-substituted amide side chain, a 3-hydroxyl-[1,3]oxazi-
nan-2-one moiety, and several stereocenters that are com-
monly found in polyketides. Proven strategies to reach the
final macrolactam are based on amide bond formation by
macrolactamazation.3 However, this method could not apply
to the newly identified maytansinoids, such as 4, with
hindered substituents on the nitrogen.

In our previous communication, we reported our progress
on constructing the macrolides via diene-ene based ring-
closing metathesis (RCM),5 and this strategy was later
applied successfully by Kirschning and co-workers to
synthesize dechloroansamitocin Pj3.6

We then devised a strategy for the synthesis of 1 via the Ti-
mediated vinylogous Mukaiyama aldol reaction of chiral ketene
silyl N,O-acetal with �-dithiane-substituted aldehyde, an aldol
condensation, and a RCM reaction as key steps (Scheme 1).

Accordingly, compound 1 was expected to be made via Corey’s
method from 5,3c which was expected to be derived from 6 via
RCM.5,6 Fragment 6 could be made from intermediates 7
and 8 via aldol condensation, and 8 in turn could be made
from 9 via a sequential formylation, vinylation, and
methylation.3i We also envisaged that the key intermediate
9 might be prepared from 10 and 11 by using a modified
Kobayashi’s vinylogous Mukaiyama aldol reaction.7

Our synthesis of fragment 7 therefore began with modifica-
tion of Mayer’s approach to make diene 18.8 To this end, methyl
vanillate 12 first underwent nitration, followed by chlorination
to afford 13 in 73% yield for two steps. Compound 13 was
then subjected to hydrogenation to convert its nitro group into
an amine, followed by its protection to give 14 in 81% overall
yield. When 14 was next treated with DIBAL-H, its ester group
was reduced to its corresponding primary alcohol accompanied
by selective removal of one Boc from substrate 14 to give 15
in 97% yield. Alcohol 15 first underwent Appel reaction9 to
afford its bromide, followed by reaction with methyl dithiane
anion to afford 16 in 47% yield for two steps. To make diene
18, compound 17 first underwent 1,3-dithiane hydrolysis,
followed by Wittig reaction to give diene 18 in 54% overall
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Scheme 1. Retrosynthetic Analysis

Scheme 2. Synthesis of Fragment 7
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yield. Finally, diene 18 was sequentially treated with TBSOTf
and TBAF10 to afford its primary amine 19, which subsequently
underwent acetylation11 and methylation to afford the key
intermediate 7 in 63% overall yield.

With 7 in hand, we next started to explore the synthesis of
intermediate 8. Since the conversion of 9 to 8 could be achieved
easily by the known procedure,3i we therefore aimed to make
intermediate 9. Among those potential approaches surveyed,
we found that enantioselective vinylogous aldol reactions
seemed to be most efficient in providing a rapid access to our
target. We envisaged that by using aldehyde with a dithane at
its �-postion, such as 11, the Ti-chelation transition state A
should be favored, whereas the nonchelated Ti-complex B may
be preferred when excess Lewis acid was used (Figure 2); as a
result, we might switch the facial selectivity of the vinylogous
Mukayama aldol reaction.7,12

To test this scenario, we prepared vinylketene silyl N,O-
acetal 10 from commercially available (E)-2-methyl-2-
pentenoic acid and (S)-4-benzyloxazolidin-2-one and then
studied its TiCl4-mediated vinylogous Mukaiyama aldol
reaction. In the event, silyl acetal 10 was reacted with
aldehyde 11 to give its corresponding aldol adducts 9 and
9a in 40% yield with 4:5 diastereoselectivity when the
reaction was carried out at -65 °C in the presence of 2 equiv
of TiCl4. The relative as well as absolute stereochemistries
for C6(S) and C7(R) in 9 was confirmed by comparasion
with the compounds independently prepared through Evans’
classical approach (see Supporting Information for details).

The observation of product 9 in the aldol reaction
suggested that our proposed chelation complex (A in Figure
2) could have been formed. We therefore started to profile
the conditions to imporve its diastereoselectivity. After
substantial experimentation, we found that this aldol reaction

could be best performed with 1.0 equiv of TiCl4 at 25 °C,
and products 9 and 9a (in a ratio of 3.5/1) were obtained in
79%, albeit in moderate syn-selectivity (Table 1, entry 6).

With an efficient asymmetric synthesis of fragment 9 in
hand, we next set out to advance it into fragment 8. The full
sequence of reactions leading to aldehyde 8 is shown in
Scheme 3. To make intermediate 20, substrate 9 was
subjected to a sequential treatment by first reaction with
LiBH4, followed by protection with TPS for the primary
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Figure 2. Rationale for vinylogous Mukaiyama aldol reaction.

Table 1. Vinylougous Aldol Reaction between Vinylketene Silyl
N,O-Acetal 10 and Aldehyde 11

Scheme 3. Synthesis of Fragment 8
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alcohol and MEM for the secondary alcohol, for 64% yield
for three steps.

Compound 20 was first treated with n-BuLi at -78 °C
followed by formylation with DMF, and the formed aldehyde
was then reacted with vinyl Grinard reagent to give a pair
of diastereoisomers 21a and 21b in 76% overall yield. The
stereochemistries of 21a and 21b were established after 21a
was transferred to its target 5 (Scheme 4). Compound 21a
then underwent the methylation to give 22 in 90%. Thus,
upon treatment with TBAF, compound 22 was converted to
its free alcohol, which was then oxidized to its aldehyde 8
in 88% overall yield.

We now advanced to the stage for the completion of the
formal total synthesis of N-methylmaysenine (1). To this end,
amide 7 was first converted to enolide and then reacted with
aldehyde 8 to give their coupling product 6 in 85% yield
(Scheme 4). The subsequent RCM reaction13 proceeded with
almost complete trans-double bond geometry control, giving
the macrolide 23 in 85% yield as a pair of diastereoisomers.
Nevertheless, the diastereoisomers 23 could be converted to 5
as a single isomer by dehydration with Martine sulfurane,14 and
compound 5 was utilized as a key intermediate in the first total
synthesis of N-methylmaysenine (1) by Corey and co-workers
in 1980.3d

In summary, we have established herein an efficient route
to construct the core of maytansinoids, and the developed
synthetic strategy could allow us to access other maytansi-
noids as well. Our strategy features a switch of facial
selectivities of the vinylogous Mukaiyama aldol reaction by
using �-dithiane-substituted aldehyde that yielded a novel
stereochemical profile matching that found in maytansinoids
and other natural products.15 To the best of our knowledge,
this is the first example of direct construction of the adjacent
methyl-hydroxyl syn-stereochemical motif by using the
vinylogous Mukaiyama aldol reaction. Further studies di-
rected toward the total synthesis of ansamitocinoside P-2 are
in progress and will be reported in due course.
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Scheme 4. Formal Synthesis of N-Methylmaysenine (1)
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