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ABSTRACT

Tonkinecin 1

OH OH OH

Reported herein is the first synthetic approach to tonkinecin (1) which uses a palladium-catalyzed cross-coupling reaction between the
tetrahydrofuran unit (4) and the butenolide (3) as the key step for constructing the backbone of 1. The stereogenic centers at C-5, C-21, C-22,
and C-36 were derived from p-xylose, p-glucose, and L-lactate, respectively, whereas those at C-17, and C-18 were generated using Sharpless
asymmetric dihydroxylation.

Tonkinecinl is a monotetrahydrofuran acetogenin with a _

hydroxyl group at C-5 recently isolated from rootsibfaria
tonkinesisby Yu and co-workers. This compound has
demonstrated potent cytotoxity against the Bel 7402 (hep-
toma), BGC (gastrocarcinoma), HCT-8 (colon adenocari-
noma), and HL-60 (leukemia) human tumor cell lifes.
Because among the several hundreds of known acetogenins
only a few? have a hydroxyl at C-5 and (to the best of our
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aReagents and conditions for part A: (a) (i)sPRFFCHCQELt, benzoic acid (cat.), THF, reflux; (ii) acetone, concentrate8® (cat.),
CuSQ, room temperature, 52%; (b) Mg, GBH, reflux, 61%; (c) MOMCI,i-Pr,NEt, CH,Cl,, 0 °C — room temperature, 98%; (d) (i)
LDA, THF—HMPA (6:1,v/v), —78 °C; then (S)-O-tetrahydropyranyl lactal, 71%; (ii) A Py, room temperature, 90%; (e}IBs, EL,O,
room temperature, 84%.Reagents and conditions fot part B: (a) LibyHNH; (liquid), n-C4sHgBr, 72%; (b) KAPA, 1,3-diaminopropane,
73%; (c) DHP, PPTS (cat.), GBlI,, room temperature, 95%; (d) (i) BanH, AIBN (cat.), 13C°C; I,, EtLO; (ii) PTSA (cat.), CHOH, room
temperature, 94%; (e) PRHCBr;, CH,Cl,, 0 °C — room temperature, 90%; (f) PRHCH;CN, reflux, quantitative; (g) LIHMDS, THF

HMPA (6:1, v/v), =78 °C, then5, 31%.

knowledge) no synthesis has been done on these compoundsnd subsequent glycol cleavage by periodic acid in ong-pot
development of synthetic routes to such compounds isled to chiral aldehyd® in 84% yield.

warranted. Herein, we describe the first total synthesis of

one of them, tonkinecinly.

Our retrosynthesis df is illustrated in Figure 1. Thus the
key precursol would be synthesized by the Pd(0)-catalyzed
cross-coupling reaction of tetrahydrofuran uhiwith vinyl
iodide 3. The chiral center C-5) of 1 was derived from
p-xylose, C-17(R) and C-18(R) fromglucose, and C-36-
(S) from @)-ethyl lactate, respectively, while the desired
stereochemistries at C-R) and C-22R) were established
by Sharpless asymmetric dihydroxylation.

As shown in Scheme 1, the butenolide @wtas furnished
by Wittig reaction of the chiral aldehyde and the Wittig
reagent6. The synthesis of chiral aldehydebegan with
D-xylose and involved construction of jalactone moiety
utilizing the methodologydeveloped by us. Thus-xylose
was converted too,S-unsaturated ester in 52% vyield
according to a known procedut&eductive cleavage of this
o,f-unsaturated ester with Mg in methahglrovided the
o-hydroxyl ester8 in 61% yield which was then protected
as MOM ether. Condensation of the enolate derived fefom
with (S)-O-tertrahydropyranyl lactal fromH)-ethyl lactate,
followed by acetylation of the resulting-hydroxy group,
gave compoundO as a mixture of diastereoisomers. Selec-
tive removal of isopropylidene acetal and THP grougd.th
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Phosphonium safi was prepared from prop-2-yn-1-ol and
1-bromobutane via a series of transformations. First, an
alkylation of prop-2-yn-1-ol with 1-bromobutane gave acety-
lenic alcoholl1in 72% yield. The latter was then subjected
to the acetylene zipper reactfowith potassium 3-amino-
propylamide (KAPA) in 3-aminopropylamine to give the
terminal acetylené2in 71% yield. After protection as THP
ether, compound3was treated with tributyltin hydride and
iodine. The subsequent cleavage of THP grout3afforded
alcohol14 (89% overall yield from12). Substitution of the
OH with Br using PPECBr, gave bromidel5, which was
then converted to the phosphonium séltbefore being
subjected to further coupling with aldehyBlend concomi-
tant elimination of acetate ester to afford the desired
butenolide unit3 in 31% vyield. The low vyield at the
Wittig reaction step is believed to be caused by elimination
of the vinyl iodide under the basic conditions, and better
alternatives are currently under exploration.

The tertrahydrofuran part of was constructed (Scheme
2) from p-glucose via epoxidd6 employing a sequence
reported by us earlier. Ring opening of this epoxide with
lithiotrimethysilyacetylide in the presence of boron trifloride
etherate afforded the alkynol, which after removal of the
TMS group at the triple bond terminal and protecting the
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aReagents and conditions: (a) ref 8; (b) i. trimethylsilylacetylene,
n-BuLi, BFs*Et,O then 16, THF; ii. n-BwNF, THF, 90%; iii.
MOMCI, PLNEt, CH,Cl,, 86%.

OH as MOM ether gave the tetrahydrofuran uhitUnlike
in our previou& work, where4 was used directly in the

subsequent reaction, this time we isolated this compound and

subjected it to full characterization.
The completion of the construction of the entire carbon

skeleton was achieved by Pd(0)-catalyzed cross-coupling

(11) Physical and spectroscopic data. Bgas a 1:5 mixture o€is and
transisomers): IR (film) 1747, 1651 cm}; IH NMR (300 MHz, CDC})
0 7.02 (s, 1H), 6.49 (dt) = 14.3, 7.1 Hz, 0.83 H, from one proton in the
transisomer), 6.17 (m, 0.33 H, from two olefinic protons in ttisisomer),
5.99 (d,J = 14.3 Hz, 0.83 H, from one proton in theansisomer), 5.61
(dt,J=11.0, 7.2 Hz, 1H), 5.23 (m, 1H), 5.01 (ddi= 1.8, 6.6 Hz, 1H),
4.39 (m, 1H), 3.37 (s, 3H), 2.36 (m, 2H), 2.07 (m, 4H), £9265 (m,
2H), 1.41 (dJ = 6.6 Hz, 3H), 1.45—1.31 (m, 4H). Fdr. [o]p 23.0 (0.5,
CHCl3); EI MS (m/2) 365 (M™ — MOM); *H NMR (300 MHz, CxCOCDs)
0 4.82 (d,J= 6.7 Hz, 1H), 4.75 (s, 2H), 4.61 (d,= 6.7 Hz, 1H), 4.12 (m,
1H), 3.97 (m, 1H), 3.60 (m, 1H), 3.44 (m, 1H), 3.35 (s, 3H), 3.32 (s, 3H),
2.43 (m, 3H), 1.98 (m, 2H), 1.70 (m, 2H), 1:30.20 (m, 22H), 0.87 (t)
= 6.6 Hz, 3H). For2: ESI MS n/z) 756 (M + Na); *H NMR (300 MHz,
CDCly) 6 7.02 (d,J = 1.4 Hz, 1H), 6.03 (dtJ = 15.8, 7.1 Hz, 1H), 5.60
(dt,J = 10.7, 7.4 Hz, 1H), 5.43 (d] = 15.8 Hz, 1H), 5.23 (m, 1H), 5.00
(m, 1H), 4.84 (dJ = 6.9 Hz, 1H), 4.77 (s, 2H), 4.67 (d,= 6.9 Hz, 1H),
4.66 (d,J = 6.6 Hz, 1H), 4.48 (dJ = 6.6 Hz, 1H), 4.40 (m, 1H), 4.13 (m,
1H), 4.00 (m, 1H), 3.47 (m, 1H), 3.41 (s, 3H), 3.39 (s, 3H), 3.36 (s, 3H),
2.65—2.22 (m, 3H), 2.13—1.55 (m, 11H), 1.41 (d= 6.9 Hz, 3H), 1.39
(m, 6H), 1.30—1.18 (m, 20H), 0.87 (@,= 6.7 Hz, 3H). Forl: [o]p 21.0
(c 0.57, CHC}) (lit.* [o] p 26.54 (c0.09, CHC})); EI MS (m/z) 609, 391,
373, 339, 321, 155; ESI MSr(/z) 632 (M + Na), 610 (M+ 1), 592 (M
+ 1 — H.0), 556 (M+ 1 — 3H,0); *H NMR (600 MHz, CDC}) ¢ 7.03
(d,J=1.2 Hz, 1H), 5.01 (dgy = 1.2, 6.6 Hz, 1H), 3.81 (m, 2H), 3.60 (m,
1H), 3.41 (m, 2H), 2.46 (m, 1H), 2.38 (m, 1H), 1.99 (m, 2H), 1660
(m, 4H), 1.54-1.37 (m, 6H), 1.41 (dJ = 6.6 Hz, 3H), 1.33-1.24(m, 38H),
0.88 (t,J = 6.6 Hz, 3H);13C NMR (150 MHz, CDC}) 6 174.10, 149.48,
134.08, 82.64, 77.57, 74.10, 70.93, 37.54, 35.40, 33.55, 31.94,-30040
(br), 29.38, 28.80, 25.66, 22.71, 21.52, 19.19, 14.11.
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reactiod between the tertrahydrofuran unit and the
butenolide uniB, which occurred smoothly givingin 93%
yield (Scheme 3). Selective hydrogenation with diimfde
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aReagents and conditions: (a) (RRRdACL, Cul, EgN, room
temperature, 93%; (b) TsNHNHNaOAc3H,0O, DME, reflux,
64%; (c) BR-Et,O, MeS, 0°C, 81%.

and removal of the MOM protecting group with boron

trifloride etherate in the presence of dimethyl sulfide gave
tonkinecin1.** The physical data of our synthetic sample
are identical to those of the natural one.
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