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Systematic synthesis of bis-THF ring cores, synthetic intermediates of adjacent bis-THF annonaceous acetogenins, has been achieved by
asymmetric alkynylation and subsequent stereodivergent THF ring formation. The asymmetric alkynylation of a-tetrahydrofuranic aldehyde
with (S)-3-butyne-1,2-diol derivatives gave good yields of erythro- and threo-adducts with very high diastereoselectivity. These adducts were
converted into four types of bis-THF cores via two kinds of one-pot THF ring formation.

Annonaceous acetogenins are a class of natural products thastries in the center of a long hydrocarbon chain that has a
have excellent antitumor, pesticidal, antimalarial, immuno- butenolide moiety at the end. In particular, adjacent bis-THF
suppressive, and antifeedant properties (Figure? Dver acetogenins have attracted considerable attention, since they
350 acetogenins have been isolated from various Annonaceaare biologically the most potent group among all the
plants, and they are characterized by the presence of one t@cetogenins.
three tetrahydrofuran (THF) rings with various stereochem-  Reiterative methodology is an effective strategy for the
) ) . _ synthesis of acetogenins because they have repeated com-
(1) For recent reviews for annonaceous acetogenins, see: (a) Alali, F. . N . . . .
Q.; Liu, X.-X.; McLaughlin, J. L.J. Nat. Prod.1999, 62, 504—540. (b) ~ Ponents. Figadere and Casiraghi developed a unique reitera-
éﬁfrta_PhOIO"l\:L)l gsaFi%aggée?, ?i;lga(llz;rgo, ,T.}\ T<|):r_m0(,j J. Ré; CLortes, D. tive procedure based on Lewis acid-promotdlycosyda-
ytochemistr )y — . (C ave, A.; Flgadere, b.; Laurens, . . . . - .
A.; Cortes D. InProgress in the Chemistry of Organic Natural Products tion of lactol _der'vat'ves with 2'(tr'methyIS!IYOXY)fur‘ﬁ]'
Acetogenins from Annonaceae; Hertz, W., Eds.; Springer-Verlag: New However, their method lacks stereoselectivity. A highly

York, 1997; Vol. 70, pp 8%+288. (d) Zeng, L.; Ye, Q.; Oberlies, N. H.; i i i

Shi, G.; Gu, Z.-M.; He, K.; McLaughlin, J. LNat. Prod. Rep1996,13, St?re.oselecnve rel.t.eratlve. procedure \.Nas deve.IODEd l?y Koert
275—306. (e) Zafra-Polo, M. C.; Gonzalez, M. C.; Estornell, E.; Sahpaz, Utilizing nucleophilic addition of 3,4-isopropylidenedioxy-

S.; Cortes, DPhytochemistry1996,42, 253—271. (f) Gu, Z.-M.; Zhao,
G.-X.; Oberlies, N. H.; Zeng, L.; McLaughlin, J. L. Recent Advances in
PhytochemistryANNONACEOUS ACETOGENINS; Arnason, J. T., Mata,
R., Romeo, J. TEds.; Plenum Press: New York, 1995; Vol. 29, pp 249

310. (g) Fang, X.-P.; Rieser, M. J.; Gu, Z.-M.; Zhao, G.-X.; McLaughlin, Me

J. L. Phytochem. Anal1993,4, 27—-67. (h) Rupprecht, J. K.; Hui, Y.-H; OH R

McLaughlin, J. L.J. Nat. Prod.1990,53, 237—278. R R ! 0
(2) Recent reviews for a synthesis of acetogenins, see: (a) Elliott, M. N n*

C.; Williams, E.J. Chem. Soc.Perkin Trans. 12001 2303-2340. (b) HO OH o)

Elliott, M. C. J. Chem. Soc., Perkin Trans. 2000, 1291—1318. (c)

Casiraghi, G.; Zanardi, F.; Battistini, L.; Rassu,@emtracts-Org. Chem. . . .
1998.11, 803—827. (d) Elliott, M. CJ. Chem. SocPerkin Trans. 11998, Figure 1. Representative structure of annonaceous acetogenins (n

4175-4200. (e) Figadére, Bicc. Chem. Resl995, 28, 359—365. () ~ — 13, R, R=hydrocarbon chain having oxygenated moities and/
Hoppe, R.; Scharf, H.-DSynthesis1995, 1447—1464. (g) Koert, U.  or double bonds).
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butyl anion toa-tetrahydrofuranic aldehyde. Although both Next, we examined the asymmetric alkynylation of the
erythro- and threo-adducts were obtained with high dia- aldehyde6 with the alkyne7. In the reagent-controlled
stereoselectivities by changing the metal species, their non-asymmetric alkynylation, it is very important that the reaction
chelation-controlled addition using an organozinc species proceeds with high diastereoselectivity not only in the
gave low yield due to instability of the reagent under the matched pair but also in the mismatched pair. As mentioned
reaction conditiond.We have recently developed a highly above, we have achieved the stereodivergent reagent-
stereoselective and stereodivergent synthesis of mono-THFcontrolled asymmetric alkynylation of the-oxyaldehyde,
ring cores using asymmetric alkynylation of 3-butyne-1,2- wherein high diastereoselectivity was obtained even in the
diol derivative toa-oxyaldehyde. The synthetic strategy is mismatched pair. In this reaction, the substrates possess one
outlined in Scheme 1. One key step is Carreira’s asymmetric stereogenic center. It is very important for establishment of
the reiterative procedure that the methodology can be applied

_ to the substrates with three stereogenic centers. The results

Scheme 1 are summarized in Table 1. Fortunately, the coupling reaction
Ph
o |
/K/o Asymmetric
5 Alkynylation pathwayb  FPh Table 1. Asymmetric Alkynylation of Tetrahydrofuranic
O Aldehyde
R1 (m=n) / * O
A + 1 "
TBSO O "o g O’<Ph &
1R =CHoH o TS0 H_~ T b 9"(0
2: R? = CHO - 4 pafhway @ =z P
Stereodivergent 6 n-CyHog R Z
THF-ring Formation Zn(OTf),, NME Y o
Et3N, toluene, rt TBSO R
) ) ] 8a: (R = B-OH)
alkynylatiorf to a-oxyaldehyde (2m = 0). This strategy is 8b: (R = a-OH)
potentially applicable to the reiterative construction of an
oligo-THF ring system because the resulting THF ring entry NME yield (%) 8a/8b?
compounds (1m = 1) can be coupled with the,&init after 1 1R,2S 97 >97:3
oxidation of the alcohol to the aldehyde. In this paper, we 2 1S,2R 87 3:>97

describe a highly stereoselective and stereodivergent syn-
thesis of four isomers of the bis-THF ring cores, which are
versatile synthetic intermediates for diverse acetogenins with

potent piological activiti(_as. This is the first example of g ang7 using (R 29-N-methylephedrine (NME), Zn(OTH)
stereodwerger?t. synthesis of a bIS-THF core by reagent- 54 EtN in toluene proceeded smoothly to give tieeo-
controlled addition tau-tetrahydrofuranic aldehydés. adduct8a in good yield with very high diastereoselectivity
The trans/threo—lsgmeﬁ was sele.cted as the first sub- (entry 1). We also found thatrythro-adduct8b can be
strate for bis-THF rnng formation since the structure was obtained using the antipode of NME in good yield with high

frequently found in natural adjacent bis-THF acetogenins, giastereoselectivityTo our knowledge, it is the first example
e.g. asimicin-type and squamocin-l-type acetogenins (Schemgpa; the addition toa-tetrahydrofuranic aldehydes was
2).1% a-Tetrahydrofuranic aldehydé was synthesized by perfectly controlled by the chiral ligands.

_ Transformation of the adducBa and8b into the bis-THF
cores was conducted stereodivergently by two kinds of one-

aDetermined by*H NMR spectroscopic data.

Scheme 2 pot THF ring formation.
\/L_\ Scheme 3 shows theangthredtrangthreo-bis-THF ring
mCrPas ANy 2 mCrafts Yo" “cHo formation. Hydrogenation of the triple bond accompanied
BSO OH T8s0
5 6 (5) Maezaki, N.; Kojima, N.; Asai, M.; Tominaga, H.; Tanaka,drg.

Lett. 2002,4, 2977—2980. )
aReagents and conditions: (a) Dess—Martin periodinane, pyri- 3056;) (g)olzicl)-s(%))/e:, E-aA“arEi, 2 K.;_Caréelﬁy E- l!Z'ngri Lett-SZO(gcl)b?i,
dine, CHCI, 0 °C to room temperature, 82%. 502U, nand, IN. ©., Larrera, =. M. Am. Lhem. 5o ,
HCl, P 0 123, 9687—9688. (c) Sasaki, H.; Boyall, D.; Carreira, E.H&lv. Chim.
Acta2001,84, 964—971. (d) Boyall, D.; Lépez, F.; Sasaki, H.; Frantz, D.;
) o Carreira, E. MOrg. Lett.2000,2, 4233—4236. (e) Frantz, D. E.; Féssler,
Dess—Martin oxidatiohof the alcohol5 prepared by our  R. Tomooka, C. S.; Carreira, E. Micc. Chem. Re000,33, 373—381.
systematic synthesis of mono-THF ring cobes. g)sgéelnltéol? E.; Féssler, R.; Carreira, E. M.Am. Chem. So2000,122,
(7) Substrate-controlled nucleophilic addition tetetrahydrofuranic
(3) (a) Zanardi, F.; Battistini, L.; Rassu, G.; Pinna, L.; Mor, M.; Culeddu, aldehydes was reported; see: (a) Bruns, R.; Kopf, J.; K6ICHem. Eur.
N.; Casiraghi, GJ. Org. Chem1998,63, 1368—1369. (b) Figadere, B.; J. 2000, 6, 1337—1345. (b) Kuriyama, W.; Ishigami, K.; Kitahara, T.

Peyrat, J.-F.; CadveA. J. Org. Chem1997,62, 3428—3429. Heterocyclesl999,50, 981—-988. (c) Tian, S.-K.; Wang, Z.-M.; Jiang, J.-
(4) (a) Koert, U.Tetrahedron Lett1994,35, 2517—2520. (b) Koert, U.; K.; Shi, M. Tetrahedron:Asymmetry1 999,10, 2551—2562.

Wagner, H.; Pidun, UChem. Ber1994,127, 1447—1457. (c) Koert, U.; (8) Hoppen, S.; Baurle, S.; Koert, .Chem. Eur. J.2000, 6, 2382—

Stein, M.; Harms, KTetrahedron Lett1993,34, 2299—2302. 2396.
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Scheme 3
(pathway a)
OH
8a a - n-C12H25 . O\\‘ ~ OR
TBSO OH
9: (R=H)
b Co: (R = Tris)
0
c n-C12H25 y o\\‘ N\
TBSO OH
1
o WCQHZSM
TBSO OH
12a

aReagents and conditions: (ap,H0% Pd—C, EtOAc, room
temperature, 76%; (b) TrisCl, pyridine, GEl,, 0 °C to room
temperature, 71%; (c) £0;, MeOH, 0°C to room temperature,
79%.

by deprotection of the benzylidene acetal3a afforded a

saturated trioB in 76% vyield. Selective sulfonylation of the
primary alcohol with 2,4,6-triisopropylbenzenesulfonyl chlo-

ride (TrisCl) gave the sulfonat&0 in 71% yield. Upon
treatment of 10 with K,CO; in MeOH, the THF ring

formation via an epoxidé&1 proceeded smoothly in a one-

pot reaction to give therangthredtrangthreo-bis-THF ring
core12ain 79% vyield (pathway a)®

On the other hand, thrans/erythro/trans/threo-isomer
12b was obtained via pathway b (Scheme 4). Tosylke

Scheme 4
athway b
P y b) Ph
o~
ga —2——» nCppHos o _°
TBSO OR
p (13 (R=H)
14: (R=Ts)
OH
¢ | mCiHas - ~__OH
TBSO OTs
15
n-CyoHos : O‘\‘ '”/O
TBSO OH
12b

aReagents and conditions: (a),HO0% Pd-C, EgN, EtOAc,
room temperature; (l)-TsCl, pyridine, O°C to room temperature,
87% in two steps; (c) b 10% Pd-C, THF, room temperature then
NaH, 0 to 40°C, 77%.

the mono-THF ring formatiohthe reductive deacetalization
in EtOAc and the intramolecular Williamson synthesis with
NaH in THF were carried out in a stepwise manner. We
found that the reaction can be performed in a one-pot reaction
with THF as a solvent, givind.2b in good yield without
formation of a THP ring.

In a similar manner, ais/erythro/trans/threo-isomet2c
and acisthreotransthreo-isomerl2d were also synthesized
from the commorerythro-adduct8b in 57% and 70% overall
yield, respectively (Scheme 5).

Scheme 5
pathway a
8b
57 % in 3 steps
8b pathway b CioHos _ o\“ .
70% in 3 steps TBS(:) OH
12d

In conclusion, we have developed a highly stereoselective
systematic synthesis of the bis-THF ring cores in annon-
aceous acetogenins. Asymmetric alkynylation to the aldehyde
with three stereogenic centers proceeded in good yields and
with almost exclusive selectivities. It should be mentioned
that high diastereoselectivity is crucial to obtain the products
with high optical purity, since separation of the diastereo-
isomers is very difficult. Using this methodology, we have
synthesized four diastereoisomers of the bis-THF cores,
including the synthetic intermediate for natural adjacent bis-
THF acetogenins. Moreover, since the antipodes of all chiral
materials (alkyne, aldehyde, NME) are available, this meth-
odology could be applied to synthesize various diastereo-
isomers of the bis-THF cores. Application of our methodol-
ogy to synthesis of biologically active acetogenins is under
way. These results will be reported elsewhere.
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