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ABSTRACT

OMe Enantioselective
/ catalytic phase transfer alkylation
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W/\_ Ring closing metathesis
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.
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Pictet-Spengler annulation

The first asymmetric total synthesis of a potential antitumor phenanthroindolizidine alkaloid, (-)-antofine, is described. An important feature
of this synthesis is the creation of a stereogenic center by using enantioselective catalytic phase transfer alkylation, affording an unnatural
o-amino acid derivative, together with a ring closing metathesis for pyrrolidine ring construction.

Phenanthroindolizidine alkaloids are a small group of inhibition of cancer cell growth. Antofine has d@values in
alkaloids isolated mainly fromCynanchum,Pergularia, the low nanomolar range, comparable to that of clinically
tylophorg and some genera of the Asclepiadaceae fahfily. employed cytotoxic drug&Slt is cytotoxic to drug-sensitive

These pentacyclic natural products are known for their and multidrug-resistant cellsRecent mechanism studies by
profound cytotoxic activity through the inhibition of protein

and nucleic acid synthesé$.Due to their interesting

bioactivity and unusual architecture, many unique and [

interesting methodologies have been designed for their
oM

synthesig:*

e

Among these alkaloids, (—)-antofine (1, Figure 1) has
recently attracted attention because of its extremely potent
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Lee et al. indicated that antofine exhibits an inhibitory activity acid 8 andp-anisaldehyd® via the conventional four-step
on cell proliferation by arresting the G2/M phase of the cell sequence, according to the previously reported procedure of
cycle> Weinreb and co-workers (Scheme®Zjreatment of alcohol

To further investigate the biochemical and pharmaceutical 10 with CBr, and PPh provided bromide7 in 98% yield!°
effects of (-)-antofine, we needed to synthesize this alkaloid
in large quantities, due to its low natural abundance. A variety
of syntheses of antofine and other phenanthroindolizidine Scheme 2
alkaloids, e.g. tylophorine( Figure 1), in both racemic and OMe
optically active forms have been reported:"However, the MeO \@\/ MeO oH
selective asymmetric synthesis of naturally occurring (—)- O
antofine has not been achieved yet. Thus far, the synthesis 8 COA _refd ‘
of the optical antipode of natural antofine has only once been 4 steps O

jen ]
MeO

carried out, using an (S)-amino acid derivative, (S)-5- H

CO,Bu OMe
B
7

(toluene-4-sulfonyloxymethyl)pyrrolidin-2-one, as the chiral Meo

precursor. In this context, we describe an enantioselective
synthetic approach to (—)-antofine, which is unique as

)

lation reaction, thus affording an unnatuxglamino acid Ne Ph b
derivative.

The strategy of our synthesis is presented in Scheme 1. Meo 12 MeO
The D ring of the phenanthroindolizidine skeleton could be
constructed at the last stage of the synthesis by employing
the reported PictetSpengler annulation of the amigg*”
which has been previously synthesized via a different NQ °N
synthetic route. We envisioned the pyrrolidine ring of the N "’ok“)o
cyclization precurso8 coming from the bis-allylated amine N' P OO
4, via sequential ring-closing metathésamd hydrogenation. lﬁ ﬁ
The requisite amind could be synthesized from the chiral

o-amino estel5, which would be accessed by the enanti-  2Reagents and conditions: (a) GBPPh, CH,CN, 0°C, 1 h,
oselective catalytic phase transfer alkylation of the protected 98%; (b)6, 11 (2 mol %), 50% aq NaOH, PhGFCHCl; (7:3), 0

OMe
+ O
9
compared to other previous phenanthroindolizidine alkaloid OMe d MeO
syntheses. In our synthesis, the chirality was introduced by ~ Me© ! Ny P © O r
employing the enantioselective catalytic phase transfer alky- . = CO,Bu Ph 6 ‘

N
1

glycine derivatives with phenanthryl bromidé. °C, 3 days, 97%, 96% ee.
s There are a number of methodologies in the literature
Scheme 1. Retrosynthetic Analysis of Antofine concerning the enantioselective synthesis of unnatueahi-
OMe
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Roglans, A. Tetrahedron1998, 54, 14869—14884. (d) Furstner, A,
Ackermann, L.Chem. Commuril999, 95-96. (e) Bujard, M.; Briot, A.;
Gouverneur, V.; Mioskowski, CTetrahedron Lett1999,40, 8795—8788.
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no acids by the alkylation of an alkyl or aryl haliéfe'? yield. Swern oxidation of alcohal3, followed by Wittig
Among those, we adapted the catalytic phase transferreaction of the resulting unstable aldehyde with methylidene
alkylation reactiof? for its practical operation and efficiency. triphenylphosphorane, provided the corresponding otefin
The carbon—carbon bond formation between the aryl bro- in 68% overall yield with no racemization probleitsThe
mide 7 and thetert-butyl glycinate-benzophenone Schiff base electrophilic allylation of the secondary amihé with allyl
6 was investigated by using the phase transfer catdlyst bromide and KCO; at 60°C in DMF led to the formation
that was recently developed by one of'&&To our delight, of the bis-allylaminel5 in high yield (86%)}" The crucial
the enantioselective catalytic phase transfer alkylation reac-ring-closing metathesis df5 was successfully performed
tion to the synthesis ofi-amino esterl2, bearing a bulky ~ with Grubbs’s phosphorylidine cataly${RuCL(=CHPh)-
substituent on thex-carbon, by using a catalydstl was (PCys),] in CH.CI, at room temperature, to produce the
successfully achieved under the slightly modified reaction desired 2,5-dihydropyrrole derivativé6 in 92% yield.
conditions!* Treatment of aryl bromid# with a slight excess  Simultaneous reduction of the double bond and deprotection
of 6 (1.2 equiv) in the presence of 50% aqueous NaOH and of the diphenylmethyl protecting group by catalytic hydro-
11 (2 mol %) in PhCH/CHCI; (7:3) at 0°C led to the genation afforded the previously known pyrrolidiB& in
formation of the desiredr-amino esterl2 with excellent 82% yield. Finally, the PictetSpengler cyclomethylenation
enantioselectivity (96% ee) and yield (97%)We believe of amine 3, using the previously reported reaction con-
that such successful synthetic application would broaden theditions'%(formaldehyde, HCI, EtOH, reflux), affordee-§-
utility of this catalytic phase transfer alkylation in natural antofine (1) in 64% yield. The spectroscopic datd and
product synthesis. 13C NMR) for 1 were identical with those of the natural
With multigram quantities ofl2 in hand, we began the antofine. The optical rotation measured for the synthgtic
second stage of our synthesis of antofine by converting the{[a]?> —108.2 (c0.71, CHC})} is between the values
o-amino ester functional group to a pyrrolidine ring (Scheme reported for the natural antofife.
3). Treatment of12 with LAH effected the reduction of In conclusion, we have accomplished the first asymmetric
total synthesis of (—)-antofine. An important feature of this

_ synthesis is the creation of a stereogenic center by using the

Scheme 3 enantioselective catalytic phase transfer alkylation together
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butyl ester to afford the desired amino alcolid in 81% 1969,721, 154—162. See also refs 3 and 7.
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with a ring-closing metathesis for pyrrolidine ring construc-
tion. We believe that this synthesis is efficient enough to
allow the asymmetric preparation of other naturally occurring
phenanthroindolizidine and phenanthroquinolizidine alka-
loids, as well as other modified analogues.
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Note Added after ASAP Posting.There were errors in
compoundll of Scheme 2 in the version posted on July 3,

ref 15, the retention times for th&J- and (S)-isomers were
transposed. These errors were also present in the Supporting
Information. The corrected version and new Supporting
Information were posted on July 9, 2003.
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