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Abstract: Cross-coupling reaction of aryl triflate 1 and vinyl stan-
nane 13 provided salicylic acid derivative 15. This compound was
converted to the dihydroxy acid 16, which provided in asize-selec-
tive macrolactonization the two macrolides 17 and 18 in a ratio of
60:40. Compound 17 is amodel of the macrocyclic core of the oxi-
midines.
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The screening of extracts from natural sources for cyto-
toxic activity isan essential strategy in the discovery pro-
cess of novel lead structures. An interesting case at hand
is aclass of macrolides that embrace the oximidines,* the
salicylihalamides®® and the apicularens.t® Related com-
pounds include the lobatamides® and CJ-12,950 (Figure
1).19 Although these compounds originate from different
sources, they nevertheless share common structural fea-
tures. All of them contain asalicylic acid part, amacrol ac-
tone and an enamide side chain. Apicularen differs from
the others in that it contains an additional ring, probably
being formed through a transannular cyclization. More-
over, these natural products show differences in the num-
ber and position of double bonds and the oxidation state
of some of the carbon atoms. Comparing the screening
profiles of the salicylihalamides with that of other known
antitumor compounds indicated that the underlying bio-
logical activity might be due to a novel mode of action.

Figurel

To elucidate the important structural features of these
compounds we initiated a program aimed at the synthesis
of the natural products and analogs thereof. In this paper
we describe initial studies towards the core structure of
the oximidines. Retrosynthetic cuts can be made at the
enamide,** the lactone and the styrene single bond (Figure
2). Initially we targeted a macrocycle lacking the epoxide
and the double bond of oximidinel. According to thisret-
rosynthetic analysis and the structural simplification, the
aryl triflate 1 and a vinyl stannane, such as 2 became pos-
sible starting materials.

Oximidine |

Figure2

The synthesis began with methyl 2-hydroxy-6-methoxy-
benzoate 4 which was prepared by esterification'? (1
equiv DBU, 3 equiv Mel, THF, 0 °Cto 23 °C, 19 h) from
the commercially available 2-hydroxy-6-methoxybenzoic
acid (3) (Scheme 1). The hydroxy ester 4 was converted
tothetriflatein the usual way by treating it with triflic an-
hydride in the presence of pyridine (1.2 equiv Tf,0,
23°C, 20 h).

MeO (0] MeO (0]
Tf,0, pyr

OR OMe
—_—
(88%)
OH oTf

DBU 3 R=H 1
Mel
(94%) 4 R=Me

Scheme 1

The other building block was built form 6-heptynoic acid
(5) (Scheme 2). Reduction of 5 to the alcohol 6, followed
by oxidation®® to the aldehyde and chain elongation by
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Wittig reaction with the stabilized ylide (methoxycarbon-
ylmethylene)-triphenylphosphorane (1 equiv, THF,
23 °C, 24 h) gave rise to methyl (2E)-2-nonen-8-ynoate
(8).1* Reduction of 8 with DIBAH (2.5 equiv, 16 h) gave
the alylic alcohol 9. Next, the hydroxyl group of 9 was
protected asits p-methoxybenzyl ether 10 (1.5 equiv NaH,
1.0 equiv PMBCI, DMF). The two secondary hydroxy
functions could easily be established by a Sharpless asym-
metric  dihydroxylation  reaction [0.004 equiv
K,0s0,(0OH),, 3.0 equiv K Fe(CN),, 3.0 equiv K,CO,,
1.0 equiv MeSO,NH,, tBUOH/H,0 (1:1), 0 °C, 24 h] us-
ing (DHQ),PHAL (0.01 equiv) as the chirality inducing
ligand (AD-mix «).r®> The enantiomeric excess of 11
([a]p®=-14.9 (c 1.2, CHCI,)) was determined by chiral
HPLC and was found to be 95% [ChiraGrom 2.8 pum,
Part-No. GS CH2 0891K 0602 (corresponds to CHIRAL -
CEL OD), length: 60 mm, nheptane/ipropanol 95:5, flow:
0.1 mL/min, 284 nm, retention times. 16.2 min (o), 24.5
min (B)]. The next step involved protection of the diol as
an acetonide (1.4 equiv Me,C(OMe),, 1.5 mol% pTsOH,
THF, 23 °C, 16 h) to yield compound 12 ([a]%,=-8.6 (c
0.7, CHCly)). Thiswas followed by addition of tributyltin
hydride to the alkyne under radical conditions,'® which
furnished the vinyl stannane 13 as the maor addition
product (1.1 equiv BusSnH, 0.1 equiv AIBN, toluene,
100 °C, 5 h). Based on *H NMR analysis, these conditions
provided a76:24 ratio of the E/Z-isomers 13. Thismixture
was taken further in the next step. Performing the reaction
under palladium catalysis (1.7 equiv nBu;SnH, 0.02 equiv
Pd(PPh,),Cl,, THF, 23 °C, 16 h) gaverise to amixture of
the external and internal stannanes (13:14 = 62:38). In
this case however, the stannane 13 was isomerically pure
(E only).Y’

\/\/\ LA \/WX
5

CO.H  (100%)
Swern 6X=H, OH
(82%) 7X=0
(Ph)3P=CHCO,Me % DIBAH
B ———
THF, 23 °C (86%) COMe ¢y cl,, 23 °C
(99%)

H

X N
\\/\/\/\/OR AD-mix a N
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Scheme 2

A Stille cross-coupling reaction'® using Pd(PPh;),Cl, asa
catalyst combined the two fragments 1 and 13 (Scheme 3)
to provide 15 ([0]%p = -8.19 (c 1.2, CHCl,)) in excellent
yield (1 equiv 1, 1.2 equiv 13, 0.05 equiv Pd(PPh;),Cl,, 8
equiv LiCl, 0.15 equiv 2,6-di-tert-butyl-4-methylphenoal,
DMF, 100 °C, 18 h). In this context we found that the un-
protected diol 2 (R = PMB) gave only low yields in the
coupling step. At this stage it was possible to remove the
other stereoisomer obtained in the cross-coupling reaction
by flash chromatography (petroleum ether/ethyl acetate,
3:1). Liberation of the diol under acidic conditions (80%
AcOH, 23 °C, 18 h) followed by basic hydrolysis of the
ester group (10 equiv LiOH, THF/MeOH/H,O (2:2:1),
75 °C, 76 h) delivered the dihydroxy acid 16 ([0]%p = -
8.75 (¢ 0.2, CHCIy)). It was our hope that a size-selective
macrol actonization would favor the desired 12-membered
lactone. In the event, macrolactonization of 16 under the
Y amaguchi conditions'® (1 equiv 2,4,6-Cl,(CsH,)COCI,
1.1 equiv NEt; 6 equiv DMAP, toluene, 120 °C, 16 h)
gave amixture of two lactones 17 ([a]%, = +99.4 (c 0.12,
CHCI,)) and 18 ([0]%, = -65.8 (c 0.94, CHCIl,)) in aratio
of 60:40. These lactones could be separated by prepara-
tive HPLC (Grom-SIL 120 Si NP-2, 10 um, length: 250
mm, nheptane/ethyl acetate, 6:4, 10 mL/min, 254 nm).%
The yield for the macrolactonization was less at higher
concentrations (44% at 1.6 mmol/L and 33% at 50
mmol/L).

Pd(PPh3),Cly, LiCl

1 +13 ——— 7 »
DMF, 100 °C (90%)

MeO

CO,Me PMBO.__
1. AcOH, H,0, 23 °C (90%)

O 2. LiOH (87%)

15 O

2,4,6-Cl3(CgH2)COCI

oH  NEts, DMAP (61%)

OH

0 9
17 (60) 18 (40)

Scheme 3

The structures of the two macrolides were easily distin-
guished by 2D-NMR spectroscopy. Thus, in the H/H-
COSY of macrolide 17, H-3 (6 = 5.21) shows two cross-
peaks with protons that carry an OR function. Specifical-
ly, crosspeaks are observed with H-4 (& =4.05) and
CH,OPMB (6 =23.85, 3.77). On the other hand, H-3
(6 = 5.20) of compound 18 isflanked by the cycloaliphat-
ic C-4 methylene group (6 = 1.86, 1.64) and H-1' (exocyc-
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lic CHOH, & = 3.80). These assignments were supported
by the H/C-COSY spectra.

The macrolactonization led to a straightforward differen-
tiation of the two secondary hydroxy groups, athough
with a moderate selectivity. Therefore, we attempted a
monoprotection prior to the macrolactonization. Inthisre-
gard, we took recourse to the corresponding tin acetals.?
Thus, diol 19, obtained from 15, was treated with dibutyl-
tin oxide (1.0 equiv nBu,SnO, toluene, 120 °C, 6 h) in tol-
uene followed by the addition of allyl bromide (1.5 equiv
alyl bromide, 2.0 equiv CsF, DMF, 23 °C, 18 h). Thisre-
action gave a 46:54 ratio of the two monoprotected com-
pounds 20 and 21 (Scheme 4). After chromatographic
separation each of them was converted to the correspond-
ing hydroxy acid (10 equiv LiOH, THF/MeOH/H,0,
75 °C, 76%). These acids were then subjected separately
to the macrolactonization. Again, the Y amaguchi condi-
tions were used. The yields were 34% for the cyclization
of 20to 22 (1.5 mmol/L) and 12% for 21 to 23 (1.3 mmol/
L), respectively. The structural assignment was possible
at this stage by inspecting the H/H-COSY spectra.

ACOH, H,0, 23 °C (90%)
15

MeO
1. nBu,SnO, toluene

120 °C

2. allyl bromide, DMF, CsF
(83%, 20:21 = 46:54)

20 21

1. LiOH (76%)

2. 2,4,6-Cl3(CgH)COCI
NEts, DMAP (12%)

1. LiOH (76%)
2. 2,4,6-Clg(CgH,)COCI
NEts, DMAP (34%)

Scheme 4

In summary, we have described a synthesis of the model
system for the macrocyclic subunit of the oximidines. Key
reactions are the asymmetric dihydroxylation of the enyne
10, the cross-coupling of the aryl triflate 1 with the vinyl
stannane 13 and finally a size-selective macrolactoniza-
tion of the dihydroxy acid 16. This study also shows that

amacrolactonization can be exploited to differentiate two
functional groups. The stripped down ring system will be
important to clarify therole of the vinyl epoxide of the ox-
imidines. Studiesto incorporate the enamide side chain of
salicylihalamide and the oximidines into this model sys-
tem are underway in our laboratory.
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