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Aspidophytine

An enantioselective total synthesis of aspidophytine is described. The indole fragment bearing a cis-alkene substituent was efficiently prepared
through radical cyclization of a 2-alkenylphenylisocyanide followed by Sonogashira coupling of the generated 2-iodoindole derivative with a
functionalized acetylene unit. After formation of the 11-membered cyclic amine, the aspidosperma skeleton and lactone ring were constructed
to complete the total synthesis.

In 1973, the groups of M. P. Cava and P. Yates reported theintermediate td.. Recently, Corey and co-workers reported
structural determination of haplophytir®,¢ a dimeric indole a concise and elegant protocol for the constructio.bfn
alkaloid isolated from the dried leaves of the platgplo- the course of our project on the development and applications
phyton cimicidun#:2 In addition to the X-ray crystallographic  of the indole synthesis, the intriguing structure of this
study of haplophytine dihydrobromid&the structure was  compound prompted us to begin synthetic studies toward
also supported by extensive chemical investigations, in which the total synthesis of haplophytin® {—° We describe herein
the right-half constituent aspidophytine (2), a lactonic our stereoselective protocol for an efficient construction of
aspidospermine type of alkaloid, was obtained as the product2.

of acid cleavage ofl.%> Aspidophytine (2) should be not

only a precursor of biosynthesis but also a possible syntheti_
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resolution of the allylic alcohol followed by Claiseidohnson

rearrangement (Scheme 1). 1,2-Addition of lithium TIPS- Scheme 2
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a(a) (EtOYPOCHCO;EL, n-BwNI, CH,Cl,—aq NaOH, 5°C,
25 min, 81%; (b) Zn, AcOH, CkCl,, 5°C to rt, 1.5 h; (c) HCGH,

N : \
\\(\AOH i \(V\OTBDPS Ac,0, 5°C, 20 min; (d) POG), Py, CHCl,, 5°C, 70 min, 63% (3

s 7 steps); (en-BusSnH, AIBN, MeCN, reflux, 1.5 h;4, rt, 85%;
FoT OH E10:L C: (OMele DprA)L, (to{:Jenué, 10°C, 50 min; (g) AgO, Py, tt, s min, 85%92
steps).
a(a) triisopropylsilylacetylenen-BuLi, CeCk, THF, —78 °C;
(b) 3% HSO,, THF, rt, 6.5 h, 94% (2 steps); (c) vinyl acetate, . . . . -
Lipase PSt-BUOMe, 45-50 °C, 48% (99% ee); (d) CKC(OEt), sequence including reduction, formylation of aniline, and
t-BUCQ.H, xylene, reflux, 10 h; (e) TBAF, THF, 56C, 45 min; dehydration. Tin-mediated indole formation and treatment
(f) OsQs, NMO, acetone-Hz0, 0 °C to rt, 80 min; (g) NalQ, of the 2-stannyl indole intermediate with iodine gave the

THF—H,0, 0°C, 25 min; (h) NaBH, EtOH, —20 °C, 15 min,  2_jgdoindole derivative27° Finally, the ester function was

38% (5 steps); (i) TBDPSCI, DMAP, BN, CH,Cl,, —20 to —10 . : .
°C, 45 min, 95%; (j) (COCH, DMSO, CHCl,, —78°C; E&N; (k) reduced to the primary alcohol, which was protected as its

CSA, HC(OME), MeOH, rt, 30 min, 74% (2 steps). acetate to glve the desired indole Uﬂ]ﬁ
We then joined the two synthesized fragme8tand 13

to form the 11-membered secondary amine, a precursor for

acetylide to cyclopentenon8)(in the presence of Cegand the constryction of the aspidosperma skeleton (Sgheme 3).
subsequent acid treatment gave the conjugated allylic alcohoiSonogashira couplirigof 8 and13 gave the 2-alkynyl indole
410 Resolution of4 using Amano lipase PS gave the derivative14.” It was found that Boc protection of the indole
correspondingS-enantiomeb (48%, 99% ee}! The qua- nitrogen was key for the selective partial reduction of the
ternary carbon center was constructed by Claiskshnson alkyne, and thecis-olefin was obtained as the exclusive
rearrangement, followed by desilylation, to give the desired Product. Formation of 11-membered ring was therefore
chiral ester6. The cyclopentene ring was then cleaved by €ffectively accomplished usingnitrobenzenesulfonyl (Ns)
osmylation and oxidation with NalQ) and the resulting ~ 9roup chemistry*** Thus, after hydrolysis of the acetate,
dialdehyde was reduced to give dial After regioselective  the rytrc;gen function was introduced by the Mitsunobu
silylation, the remaining primary alcohol was converted to 'eéactior® of Ns-amide, followed by desilylation to give the
the dimethyl acetal by Swern oxidation and subsequent acetafyclization precursol6. The crucial intramolecular Mit-
formation to furnish the desired acetylene it sunobu reaction took place smoothly to furnish the 11-
Preparation of the indole uril3 commenced with Wittig ~ Membered ring compount¥7 in 92% yield. _
olefination of the known benzaldehy®? leading to the The synthesis was completed by construction of the
ethyl cinnamate derivativa0 (Scheme 2). Conversion of aspidosperma skeleton and lactone ring. Flrst, the protective
the nitro group to isonitrile was executed by a three-step 970UPS of the aldehyde and secondary amine were sequen-
tially removed with TMSBr and a combination of thiophenol
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Scheme 3
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a(a) acetylend, Pd(PPk)4, Cul, EgN, 70°C, 2 h, 78%; (b) BogO, DMAP, MeCN, rt, 15 min, 94%; (c) Pd/C,EtOH, rt, 3.5 h, 97%;
(d) KoCOs, MeOH, rt, 1 h, 96%; (e) NsNi PPh, DEAD, PhH, rt, 5 min, 93%; (f) TBAF, THF, rt, 1 h, 93%; (g) PRIDEAD, PhH, rt,
5 min, 92%; (h) TMSBr, CHCl,, —78 °C, 15 min, 92%; (i) PhSH, GEOs, MeCN, 55°C, 20 min; (j) TFA, MeS, CHCl,, rt, 5 min; pH
7.8 buffer, 56% (2 steps); (k) HCHO, NaBEN, pH 7.0 buffer,—70°C to rt, 2.5 h, 67%; (I) NaOH, EtOH, 78C; KsFe(CN}), NaHCG;,
5 °C to rt, 40 min, 39%.
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In summary, we have accomplished an enantioselective
total synthesis of aspidophytine (Featuring a facile
preparation of the fully functionalized indole derivative and ~ Supporting Information Available: Experimental pro-
11-membered ring formation utilizing Ns technology. Syn- cedures and spectral data. This material is available free of

thetic studies on haplophytind ) based on this efficient  charge via the Internet at http:/pubs.acs.org.
synthetic method are currently under investigation in our

laboratories. OL034445E
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