Total Synthesis of Ipomoeassin F
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The first total synthesis of ipomoeassin F was carried out using a convergent approach that relied upon the use of Schmidt glycosidation
technology for the coupling of two suitably protected monosaccharide fragments. After two steps, ring-closing metathesis was used to form
the macrocyclic ring, and seven more steps then furnished ipomoeassin F. In vitro inhibitory activity against a four-panel cell line showed low

nanomolar inhibitory activity.

The ipomoeassins are a structurally unique family of
compounds recently isolated from Ipomoea sp. in Suriname
by the Kingston group that showed cytotoxicity toward the
A2780 ovarian cancer cell line." Ipomoea sp., commonly
known as morning glory, has about 650 species distributed
worldwide with over 300 species found in the Americas
alone. Many of these plants contain glycoside resins that are
comprised of a few sugars with either single or multiple long-
chain fatty acid(s). Members of the morning glory family
have been long known to possess laxative and puragative
properties” as well as displaying a range of other biological
effects. For example, these glycosidic resins have been used
as crop protectants in Mexico as they inhibit the growth of
invasive weeds.® Ipomoea squamosa has shown activity
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against Mycobacterium tuberculosis,* while triclorin A,
isolated from Ipomoea tricolor displays activity against
cultured P-388 and human breast cancer cells® as well as
antifungal activity.’
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Figure 1. Ipomoeassin natural products.

The ipomoeassin natural products (Figure 1) possess
several interesting structural features. The presence of
oxygenation on the linking acid chain and the shorter tail at
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the fucoside anomeric center are both uncommon relative
to other glycoside resins. The cinnamate and tiglate functions
are somewhat rare in related compounds since the reduced
or hydrated forms of the tiglate (2-methylbutyrate or 3-hy-
droxy-2-methylbutyric acid) are the more commonly en-
countered motifs.®

The ipomoeassin natural products consist of a fucose-
and glucose-derived (1—2)-S-disaccharide joined at O-1" and
0-6" by a 14-carbon seco acid chain. Ipomoeassins A and
B are differentiated from ipomoeassin C, D, and E by the
presence of a free or acetylated hydroxyl group at C-5 on
the lipid chain. Ipomoeassins A, C, and D differ from B and
E in the sense that they have O-4' acetylated.

The published cell growth inhibitory activity for these
compounds against the A2780 OVCAR cell line was in the
range of 35—1900 nM with ipomoeassin D being the most
potent of the series.! Recently, a new member of the family,
ipomoeassin F,’ bearing striking similarity to ipomoeassin
A was isolated by the same group. Ipomoeassin F (1f)
boasted superior potency in our in-house cell growth inhibi-
tory assays compared to the other members of the ipomoessin
family (1a—e) (Table 1).®

Table 1. Cell Growth Inhibitory Data for Natural Ipomoeassin
A, B, D, E, and F (nM)“

HT-29 MDA-MB-435

H522-T1 U937

Ipomoeassin A 46.1 42.6 108.9 20.2
Ipomoeassin B 396 2700 1070 134
Ipomoeassin D 11.8 19.9 23.2 7.9
Ipomoeassin E 393 1633 967 163
Ipomoeassin F 4.2 9.4 12.9 2.6

“ Values averaged over two experiments.

Given the number of varied acyl-based groups contained
within ipomoeassin F, a strategy based upon ring closing
metathesis (RCM) with the O-6" acyl chain and the O-4'
acetate in place followed by a late stage O-3" and O-4"
acylation was chosen as a possible approach to the target
molecule (Scheme 1). This is contrasted by an approach
based upon macrolactonization® that would necessitate a
higher degree of orthogonal hydroxyl protection. We chose
to employ the a-chloroacetate group (CICH,C(O)) to protect
the sole two free hydroxyl groups of ipomoeassin F that
would be liberated in the last step of the synthesis under
suitably mild conditions.'® We anticipated that a TBS group
would serve well to block O-3" while simultaneously
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Scheme 1. Retrosynthetic Analysis for Ipomoeassin F
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shielding O-4" from unwanted derivatization thus reducing
the number of required protecting groups. On the fucoside
sugar, the O-4' hydroxyl would be acetylated thereby
necessitating preservation of this function for the entire
synthesis. Upon completion of this work, a communication
outlining the total synthesis of total ipomoeassin B and E,
the least potent compounds of the group, appeared.'' These
workers relied upon an elegant ring-closing metathesis
(RCM) approach'? in their synthetic strategy.

Our synthesis begins with the preparation of the two
required monosaccharide fragments, gluco donor 7 and
fucoside acceptor 15. The acetate on the known glucal'® 2
was exchanged for a TBS group in excellent yield, and
subsequent dihydroxylation (OsO,, NMNO, 94%)'* gave a
mixture of anomers 4 followed by dichloroacetylation to give
5 (Scheme 2). The S-isomer, which was fully characterized,”

Scheme 2. Synthesis of Glucosyl Donor 7

o g _semme koo
RO = THF-H,0-Me,C=0C TBSO

OH
94% crude OH
1. NaOMe, MeOH 2. R=Ac a4
2. TBSCgI&)r/rMazole 3: R=TBS CICH,COCH
DCC, 4-DMAP
98% crude yield
/JVO Cl;CCN /go
o%o ccl, SO0 or
TBSO DBU, CH,Cl,  TBSO
CICH,C(O)0  NH 89% CICH,C(0)O
7 5. R=C(O)CHCI
NH;NH+ACOH F (O)CHCI
44%

— 6 R=H

was found to be the major product (2.3:1, 'H NMR).
Selective removal of the anomeric acyl group with hydrazine
acetate'® gave compound 6, and this was followed by a high-
yielding installation of the trichloroacetimidate group to
furnish the Schmidt donor'” 7 in 86% yield as a yellow
crystalline solid.

The required fucoside was prepared by condensation of
the known fucosyl bromide 8'® with chiral alcohol 9' to

Org. Lett, Vol. 11, No. 6, 2009



Scheme 3. Synthesis of Fucoside Acceptor 15
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give 10 as a single isomer in 64% yield (Scheme 3). Global
deacetylation furnished triol 11, and stannylidene-mediated
equatorial benzylation®® brought the sequence as far as 12.
Selective silylation (TBSCI, imidazole, DMF) of the equato-
rial hydroxyl group®' gave 13 in 78% yield. Acetylation then
delivered 14, and the sequence was completed by acid-
mediated deprotection of the TBS group to produce 15 in
85% yield over two steps along with 8% of diol 12.
Optimized coupling conditions called for the use of a 1.5:1
ratio of 7 and 15 and 0.5 equiv of boron trifluoride etherate to
furnish a 52% yield (87% based on recovered starting material)
of the target S-disaccharide 16 along with 17, the product in
which the acetonide was lost in 21% yield (Scheme 4).

Scheme 4. Disaccharide Coupling and Macrocycle Formation
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To complete the conversion of 16 to 17, the acetonide was
removed in 43% vyield (67% based on recovered starting
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material) with CSA in methanol. Selective DCC-mediated
acylation with 4-nonone-8-enoic acid** of the primary 0-6"
alcohol (17—18, 85%, Scheme 4) gave the precursor to ring-
closing metathesis. RCM proceeded best** with 15 mol %
of Hoveyda—Grubbs catalyst** added portion-wise in 1,2-
dichloroethane (45 °C for 3 h at 0.05 M dilution) to provide
19 in 84% yield as a mixture of isomers that were not
separated but were directly subjected to hydrogenation (H,,
Pd/C, EtOAc—EtOH) to first saturate the mixture of olefins
(as shown by TLC, silica, 30% EtOAc—hexanes) and then
reductively cleave the O-3" benzyl group to deliver 20.
Selective chloroacetylation of the O-3" hydroxyl group then
gave 21 (Scheme 4).

The TBS group at O-3" hindered the O-4" hydroxyl to a
greater extent than initially anticipated, and the cinnamoyl
group could only be installed by heating a DCC-mediated
coupling reaction in 1,2-dichloroethane under evaporative
conditions. After several iterations of solvent evaporation
and replacement, a 62% yield of 22 was obtained (75% based
on recovered starting material). A high-yielding removal of
the TBS group was effected with SiF,** to give an 84% yield
of alcohol 23 (Scheme 5). Tigloylation (tiglic acid, DCC,
4-DMAP, 4-DMAP-HCI) gave the fully blocked precursor
to ipomoeassin F 24, and removal of the o-chloroacetates
by employing an excess of DABCO in hot ethanol*®
furnished the natural product ipomoeassin F (1f) in 39% yield
after purification by flash chromatography and HPLC.

The synthetic material obtained was identical to a natural
sample of ipomoeassin F kindly provided by Professor
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Scheme 5. Completion of the Synthesis of Ipomoeassin F
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Kingston’ as shown by HPLC, 'H and '*C NMR, and optical
rotation.?” The in vitro cell growth inhibitory activity (Table
2) also correlated well with that from the natural material.

Table 2. Comparison of Cell Growth Inhibitory Data for
Natural and Synthetic Ipomoeassin F (nM)“

HT-29 MDA-MB-435

H522-T1 U937

Ipomoeassin F 4.2 9.4 12.9 2.6
Ipomoeassin F 14 4.3 2.7 1.1
(synthetic)

“ Values averaged over two experiments.

The data show that the synthetic ipomoeassin F was
slightly more potent than the natural material, exhibiting
single digit nanomolar potency or less against the four cell
lines tested.

The effect of ipomoeassin F on tumor cells was further
examined by phase contrast microscopy. As shown in Figure
2, ipomoeassin F induced cell death of H522-T1 lung cancer
cells which was preceded by rounding up of the cells.?®

(27) See Supporting Information.

(28) Rounding up of cells is commonly associated with loss of
cell—matrix adhesions and detachment of cells from the matrix. See, for
example: Hajdo-Milasinovic, A.; Ellenbroek, S. I. J.; van Es, S.; van der
Vaart, B.; Collard, J. G. J. Cell. Sci. 2007, 120, 555-566.
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A: untreated, B: 3 nM, C: 10nM D: 30nM E: 100 nM, F:
300 nM

Figure 2. Phase contrast microscopy of Ipomoeassin F treated
H522-T1 cells.

The described synthetic route to ipomoeassin F is flexible
and should allow access to a variety of analogues as other
members of the ipomoeassin family.>’
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