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ABSTRACT
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syn: >97:3 dr conversion of THF cores
anti: 94:6 dr (R=n-Cy5Hps)

Four stereoisomers of the THF cores, synthetic intermediates of acetogenins, have been synthesized with high diastereoselectivity by asymmetric
alkynylation and subsequent stereodivergent THF ring formation. The asymmetric alkynylation of a-oxyaldehyde with (S)-3-butyne-1,2-diol
derivatives (C4-unit) gave good yields of syn and anti adducts with >97:3 dr and 94:6 dr, respectively. These adducts were converted into the
four types of THF compounds via one-pot THF formation or via intramolecular Williamson synthesis.

Annonaceouscetogenins are a class of natural products The strategy is advantageous in terms of economics (same
possessing an oligo-THF structure with diverse stereochem-reagents used) and ease of operation. Figadere and Casir-
istry. The polyketide natural products have attracted much aghies independently reported oligo-THF ring construction
attention due to their highly potent antitumor activitfhe based on Lewis acid-promoted C-glycosylation of lactol
potency of cytotoxicity and the spectrum against effective derivatives with 2-(trimethylsiloxy)furah Their method is
cancer cell lines varied depending on the structure of the useful to synthesize varied collections of the oligo-THF cores
THF moiety characterized by one, two, or three THF ring- but lacks stereoselectivity. Koert constructed an oligo-THF
(s) with varying stereochemistry. Therefore, a synthetic route structure using nucleophilic addition of 3,4-isopropylidene-
with high selectivity and excellent divergency is required to dioxybutyl anion toa-oxyaldehydes. Both syn and anti
discover compounds with promising anticancer activity. adducts were synthesized with high diastereoselectivities by
Considerable efforts have been devoted to synthesize suclthanging the metal species. However, their approach incurred
compounds. a problem regarding the yield in the non-chelation-controlled

Reiterative methodology is a powerful tool when the target addition using an organozinc reagent in the presence of Lewis
molecules contain repeating subunits such as acetogenins.

(2) For recent reviews for a synthesis of acetogenins, see: (a) Elliott,
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acid due to instability of the reagent under the reaction diol 1 was converted into thei-oxyaldehyde R)-3 via a

conditions? pivalate2 in 74% overall yield by the usual method (Scheme
We planned a reiterative synthesis of the oligo-THF 2).

segment based on reagent-controlled asymmetric alkynylation

and stereodivergent THF ring formation as outlined in _

Scheme 1.

Scheme 2
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~OH _ Z
PO oP PO Cy-Unit As alkyne components, we employe§)-@-butyne-1,2-

We envisaged a 3-butyne-1,2-diol derivative as a chiral

diol dibenzyl ether §)-4 prepared fronb-mannitol (Scheme
3).” The choice of benzyl ether for diol protection has the

C,-unit, both enantiomers of which are readily prepared from _

the natural product in enantiomerically pure form. The THF

. . . . Scheme 3

ring would be constructed via asymmetric alkynylation of

o-oxyaldehyde. The terminal primary alcohol in the resulting B9 oBn

THF compound would become a junction with another C o-mannitel ———= 2 7

unit by oxidation to the aldehyde. Therefore, this synthetic (e

strategy can be potentially applied even to a synthesis of

oligo-THF compounds. We expected high diastereoselectivity er(g'T“sz’?‘E"fsEN’ BSO B2 oen
by the prominent stereodifferentiating ability of the Carreira toluene, rt n_Cmst/k*/V
protocol® and also convenient stereocontrol by changing only (A3 OH

the chiral ligand. One reason we employed alkynylation is

5
(1R,25)-NME (trace)

that the unreacted acetylide can be reused even if the reaction
required excess reagent. Such reuse is difficult in the case
of an organometal reagent generated by halegeetal

exchange reaction. We also planned stereodivergent synthesigdvantage of reducing the number of steps since the
of four stereoisomers of the THF core from two common deprotection and reduction of the triple bond can take place
precursors by changing the protocol of THF formation.  simultaneously. Unfortunately, the asymmetric alkynylation
In this paper, we describe a highly diastereoselective andof (R)-3 with the alkyne -4 in the presence of &29- or
stereodivergent synthesis of all four diastereomers of the THF (15 2R)-N-methylephedrine (NME), Zn(OT£)and EtN was
cores flanked two hydroxy groups, which are versatile sjyggish, and only a trace amount of an addEctvas

(1S,2R)-NME (trace)

synthetic intermediates for diverse acetogenins.

The optically pure aldehyd&}-3 was synthesized starting
from (R)-tetradecane-1,2-didl prepared by kinetic resolution
of racemic 1-tetradecene oxide with Jacobsen’s cataljist

(4) (a) Koert, U.Tetrahedron Lett1994 35, 2517-2520. (b) Koert, U.;
Wagner, H.; Pidun, UChem. Ber1994 127, 1447-1457. (c) Koert, U ;
Stein, M.; Harms, KTetrahedron Lett1993 34, 2299-2302.

(5) (a) El-Sayed, E.; Anand, N. K.; Carreira, E. Krg. Lett.2001 3,
3017-3020. (b) Anand, N. K.; Carreira, E. M. Am. Chem. So@001,
123 9687-9688. (c) Sasaki, H.; Boyall, D.; Carreira, E. Melv. Chim.
Acta2001, 84, 964-971. (d) Boyall, D.; Lg@ez, F.; Sasaki, H.; Frantz, D.;
Carreira, E. MOrg. Lett.200Q 2, 4233-4236. (e) Frantz, D. E.; Ealer,
R.; Tomooka, C. S.; Carreira, E. Micc. Chem. Re200Q 33, 373-381.
(f) Frantz, D. E.; Fasler, R.; Carreira, E. Ml. Am. Chem. So00Q 122,
1806-1807.

(6) (a) Schaus, S. E.; Branalt, J.; Jacobsen, EJ.NOrg. Chem199§
63, 4876-4877. (b) Tokunaga, M.; Larrow, J. F.; Kakiuchi, F.; Jacobsen,
E. N. Sciencel997, 277, 936-938.
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obtainec® Most of the aldehydeR)-3 was decomposed
during the long reaction time (Scheme 3).

We assumed that steric bulkiness of the dibenzyl moiety
in the alkyne §-4 impeded the reaction. Therefore, we
examined asymmetric alkynylation dR)-3 with the alkyne
having diol protection with less steric demand such as bis-
acetyl and cyclohexylidene. However, the bis-acetyl com-
pound did not afford the adduct. Although the cyclohexy-
lidene afforded good results in a synthesis of the syn adduct
(93%,>97:3 dr), the yield and selectivity for the anti adduct

(7) Gooding, O. W.; Beard, C. C.; Jackson, D. Y.; Wren, D. L.; Cooper,
G. F.J. Org. Chem1991, 56, 1083-1088.

(8) From a model study using chiral lactaldehyde TBS ether and the
alkyne -4, we found that a combination of th&)aldehyde andS)-4
provided better yield and selectivity than that §-&éldehyde and)-4.
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were moderate (43%, 85:15 dr). In addition, selective
deacetalyzation in the presence of TBS group was difficult.

With the syn and anti adduc& and8b, respectively, in
hand, we examined the stereodivergent THF ring formation.

Eventually, we found that a benzylidene acetal is the best The results of trans-fused THF ring synthesis usBagare
protecting group. The diastereomers of benzylidene acetaldepicted in Schemes 5 and 6.

7aand7b were readily prepared by acetal exchange reaction

of 3-butyne-1,2-diol6 (PhCH(OMe), CSA) in good yield
as an approximately 1:1 diastereomeric mixture, which can
be separated by column chromatography (Schenie 4).

Scheme 4
PhCH(OMe)o
CSA, THF 1Fh £n
HO on reflux . g/(o . o,
Pt ©8%) égf\/ éz/\J
6 7a 7b

Table 1 shows the asymmetric alkynylation of the aldehyde
(R)-3 with the alkynesfaand7b. As expected, the reaction

Table 1. Asymmetric Alkynylation of R)-3 with (3S)-7

(35)-7, NME
Zn(OTf)o Ph Ph
EtsN, toluene Q’(O o/(o
rt TBSO ~ TBSO =
(R-8 —— 3 =
WC12H25)\/\/ +f7-C12st/'\é/\/
OH OH
syn-adduct 8a anti-adduct 8b
entry alkyne NME yield (%) 8a:8b?
1 7a 1R,2S 74 >97:3
2 7b 1R,2S 86 95:5
3 7a+ 7bb 1R,2S 96 >97:3
4 7a+ 7bb 1S,2R quant 6:94

aDetermined by*H NMR spectroscopic dat&.Ratio of 7a7b = 1.2:1.

proceeds smoothly to give the adducts in good yield. Both
diastereoisomers provided syn add@zapredominantly. The

C, stereogenic centers in the alkyrésand7b did not show
remarkable effects on either the yield or selectivity (entries
1 and 2). The results indicate that separatioa&nd7b is

not required in a practical operation. In fact, the syn adduct
8a was obtained in excellent yield with very high diaste-
reoselectivity using a mixture ofa and 7b (entry 3). We
also found that the anti addu8b can be obtained using the
antipode of NME in good yield with acceptable diastereo-
selectivity (entry 4)° Stereochemistry of the adducts was
assigned by analogy with related compoutids.

Hydrogenation oBausing 10% Pe-C in EtOAc afforded
a saturated triol, and subsequent selective sulfonylation of
the primary alcohol with 2,4,6-triisopropylbenzenesulfonyl
chloride (TrisCl) furnished the sulfonagein 82% yield in
two steps. Upon treatment 8fwith K,CO; in MeOH, the
THF ring formation via an epoxide proceeded smoothly in
a one-pot reaction, giving the trans/threo isorh@ain 70%
yield (pathway a).

Scheme 5
(pathway a)
1) Hp, 10% Pd-C
EtOAc, rt
2) TrisCl, pyridine
CHQC|2, 0°Ctort

(82%)

8a

KoCOg
MeOH
0°Ctort

(70%)

TBSO
n-CqoHos

Ne) n-C12H25; \
~ TBSO OH

trans/threo-isomer 10a

On the other hand, the trans/erythro isoniéb was
synthesized via pathway b (Scheme 6). Selective hydrogena-
tion of the triple bond in the presence ofEt: followed by
tosylation of the secondary alcohol transformalinto a
tosylate 11 in 96% yield in two step* Then, reductive
deacetalyzation and subsequent intramolecular Williamson
reaction using NaH in THF underwent THF ring formation
rather than THP ring formation to giviEdbin 78% yield in
two stepst®

Scheme 6

(pathway b)
1) Hp, 10% Pd-C
EtsN, EtOAc, rt

I Ph
2) p-TsCl, pyridine, TBSO Q”(
~.0

8a 0°Ctort
n-Cq2Hzs
(96%) Ts
1) Hp, 10% Pd-C 11
EtOAc, rt
2) NaH, THF nCiotas,_J,
0to 40 °C S

TB8SO OH

(78%) trans/erythro-isomer 10b

(12) Signals of theCz methine protons ifH NMR spectral data of the
syn adductsBa appeared upfield by 0-10.2 ppm from those in the anti
adducts8hb. On the other hand, the signals of the OH proton in the syn
adducts appeared downfield by 6:0.2 ppm from that in the anti adducts.

(9) The stereochemistry of the benzylidene acetal was determined by anThe shifts were consistent for each compound in this series.

empirical rule (Baggett, N.; Buck, K. W.; Foster, A. B.; Randall, M. H;
Webber, J. MJ. Chem. Socl965 3394-3440).

(10) The diastereomeric ratio based on the benzylidene ace & tord
8b was almost same as the ratio td and 7b used.

(11) (a) Clive, D. L. J.; Ardelean, E.-S. Org. Chem2001, 66, 4841
4844. (b) Hirama, M.; Shigemoto, T.; Ito, $.0rg. Chem1987, 52, 3342
3346.
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(13) (a) Sajiki, H.; Hirota, KTetrahedronl998 54, 13981+13996. (b)
Sajiki, H. Tetrahedron Lett1995 36, 3465-3468.

(14) An attempt to obtainlOb via tosylation of 8a followed by
simultaneous reduction of the triple bond and the benzylidene acetal failed
presumably due to hydrogenolysis of the tosyl group.

(15) Koert, U.; Stein, M.; Wagner, HChem. Eur. J1997, 3, 1170-

1180 and references therein.
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in a similar manner, a cisferythro isombecand a i/

threo isomerl0d were also synthesized from the common 1 pe 2. RepresentativéH and*C NMR Spectral Data of
anti adduct8b in 73 and 57% overall yields, respectively 10a—ga
(Scheme 7)

RE 4 posi- transithreo translerythro cislerythro cis/threo
TBS?)/gB%H ton  10a 10b 10c 10d

1 348,365 346,362 347,376 3.49 370

Scheme 7 1 2 4.08 4.07 4.07 4.02

. HNMR o 39 3.90 3.96 3.85

n-

s 6357 376 35 378

8 ———~ TBSO OH 1 64.9 65.0 65.3 65.7

(78% in three steps)  cjs/erythro-isomer 10¢ 13 2 79.4 79.5 79.3 79.4

CNMR 82.1 82.0 81.2 82.2

75.0 73.4 74.7 73.4

pathway b~ MCiaHas 6

8 ————

7885 © OH
(57% in four steps) aNMR spectra were recorded in CDGlolution at 500 MHz {H) and

cis/threo-isomer 10d 75 MHz (3C).

active acetogenins are under way. These results will be
Representative chemical shifts'id and**C NMR spectral reported elsewhere.

data of 10a—d are summarized in Table 2. These four
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