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Total Synthesis of the Antifungal Dilactones UK-2A and UK-3A: The
Determination of their Relative and Absolute Configurations, Analog
Synthesis and Antifungal Activities.
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Abstract The synthesis of the antifungal dilactones, UK-2A and UK-3A, is described. In
providing a workablc synthetic route to these potent antifungal antibiotics, this has allowed us to
determine the assignment of the relative and absolute configurations in the nine-membered ring.
Furthermore, UK-2A analogs were also synthesized and evaluated their antitungal activities and cytotoxic
activities along with UK-2A, (2R, 3R, 4S5, 7TR)-UK-2A, UK-3A. (2R, 3R, 48, 7R)-UK-3A, and

antimycin A. The structural requirements for the selective cytotoxicity against yeasts and ﬁlamemous
fungi will also be suggested. © 1998 Elsevier Science Ltd. All rights reserved.

compounds are now being cxamined in clinical trials.

In our continuous study toward the development of new antifungal agents, we have been interested in the
naturally occurring products, UK-2A and UK-3A. UK-2A is a ninc-membered dilactone which has recently
been isolated along with the structurally similar congeners, UK-2B, 2C and 2D, from the mycelial cake of
Streptomyces sp. 517-02 by Taniguchi et al..5 The plane structure of UK-2A has been elucidated by detailed 1H
and 13C NMR analyses and chemical degradation studies, but the relative and absolute configurations of the four
chiral centers in UK-2A still remain to be determined.® The structure of UK-2A is anparentl

y similar to the well-

UK pparently similar
known antimycins,’ but the benzyl group at the Cy position in UK-2A has never existed in known antimycins?
and one methyl group is lacking at the Cg position. Furthermore, UK-2A has a 3-hydroxy-4-methoxypyridine-
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2-carbonyl group which had never been found in naturally occurring products, while the antimycins have instead
the 3-formamidosalicylyl group which is believed essential to blocking the electron flow in the mitochondrial
respiratory chain between cytochromes b and ¢1.? Another, and the most striking difference between them, is
their biological activities. UK-2A has strongly inhibited the growth of various kinds of yeasts and filamentous
fungi, but the cytotoxic activities against several kinds of mammalian cells was very weak, while the antimycins
have inhibited mammalian cells as strongly as fungi’® The basicity of the pyridine ring should make UK-2A

considerably more basic than the antimycins so that this physical difference may contribute to the remarkable
i ities. UK-3A has also recently been isolaied from the mycelial cake of Strepiomyces
-02 and its plane structure was determined on the basis of the correlation with UK-2A while the relative
and absolute configurations have not yet been determined.!? It has antifungal activities similar to UK-2A.
From these facts, we have considered UK-2A and UK-3A as attractive targets for asymmetric synthesis, and at
the same time, as the potential antifungal agents. Recently, we reported in a preliminary manner, the
enantioselective total synthesis of UK-2A.11 We now wish to describe the details of the total synthesis of UK-
2A and UK-3A in which the relative and absolute configurations of the four asymmetric centers in the nine-

membered dilactone is uncquivocally determined using a well-established asymmetric reaction. The reported

degradation products will be also discussed in order to reconfirm the configurations of UK-2A. In the last part
of this full account, we will refer to the analog synthesis of UK-2A, their antifungal activities and cytotoxic

activities, and the structural demands for the selective cytotoxicity against yeasts and filamentous fungi will also

be briefly described .
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Enantioselective Total Synthesis of UK

Synthesis of Nine-membered Dilactone

As the relative configuration of the three consecutive chiral centers from Cy to C4 has been determined as
(2R, 3R, 45) or its antipode, we decided to synthesize the two diastereomers, (2R, 3R, 4S5, 75)-UK-2A and (2R,
3R, 45, TR)-UK-2A.

would be synthesized from the corresponding seco acid by the lactonization reaction in which the cyclization
occurred between the carboxy group in the serine moiety and the hydroxy group at the C4 position in the
pentanoic acid moiety. The seco acid 2 would be prepared from the L-/D-serine derivative 3 and an optically pure
3,4-dihydroxypentanoic acid derivative 4 which should be obtained by means of the well-established asymmetric
reaction for the purposc of determining the stereochemistry of the targets. The synthesis of 3-hydroxy-4-
methoxypyridine-2-carboxylic acid (5) will be discussed in the next section.
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Evans aldol reaction!2 between the aldehyde 6'3, and N-hydrocinnamoyloxazolidinone 7,14 prepared from

hydrocinnamoyl chloride and (R)-4-isopropyloxazolidin-2-one (78%) (Scheme 2).

The aldol reaction occurred

with high diastereoselectivity (>98% de) to provide after column chromatography alcohol 8 as a single

diastereomer in 73% yield. In order to prepare the cyclization precursor 2, the chiral auxiliary was first removed

with LIOH/H0, '3 to give rise to the free acid and the following #-butyldimethylsilyl protection of the 3-hydroxy

group afforded 4 in 89% yield. The ester formation with the suitably protected L-serine derivative 3 in the

presence of EDCI/DMAP yielded the protected seco acid 9 in 56% yield. The hydrogenation under Hy with a

Pd-C catalyst removed the two benzyl groups at the same time and we could obtain the desired seco acid 2 in
quantitative yield. The seco acid 2 was then subjected to Yamaguchi's cyclization procedure.!6
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After several attempts by varying the reaction conditions, we had to admit that the main product was always the -
lactone 11 instead of the desired nine-membered dilactone (5)-10. Once the y-lactone 11 was formed, it was
quite difficult to change this y-lactone to reproduce the usable compound. Furthermore, it turned out that the seco
acid 2 gradually decomposed into the y-lactone 11 at room temperature. Though there might be a possibility of
other kinds of lactonization reactions going well, we abandoned this strategy for a new one.

Our second synthetic strategy for the nine-membered dilactone formation is depicted in Scheme 3. In this

strategy, the key intermediate 1 was synthesized from the seco acid 12 by the lactonization reaction in which
RS T SR - TR SR [ TR TPE AT UL S SR T - U
anotner pair of nydroxy group and carboxy group were used other than the one in the former strategy in order to
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The asymmetric Evans aldol reaction between the aldehyde 15, prepared in two steps from ethyl (S)-(-)-
lactate by p methoxybenzylaﬁon” and the DIBAL reduction (67%), and N- hydn cinnamoyloxazolidinone 7, lead

group!? 1o give alcohol 14 was carried out without incident.
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Reagents: a) Bu;BOTY, Et3N; b) LiOH, H,0,; ¢) BnOH, DIAD, PhyP; d) TBSCI, ImH; ¢) DDQ, H,0.

The couplings of alcohol 14 with each L-serine derivative (5)-13 and D-serine derivative (R)-13 were conducted
in the presence of EDCI/DMAP and gave (5)-18 and (R)-18, respectively (Scheme 5). It should be noted that
the coupling with the D-serine derivative (R)-13 suffered a serious racemization at the C7-position under the

[¢

normal conditions where the coupling between the alcohol 14 and L-serine derivative (5)-13 went smoothly
accompanied with less than 3% racemization at the C7 position.  However, after several trials, under the

conditions using a lower reaction temperature (-10°C), we could minimize this side-reaction (>93% selectivity).

s 7o

The hydrogenolysis of the two benzyl group afforded the lactonization precursors, seco acids (5)-12 and (R)-12.



First, Yamaguchi's methodi® and modified Yamaguchi's method? were examined in order to realize the nine-
membered lactonization, but in either case, it turned out to be fruitless. Only a trace of cyclization product was
detected along with many undetermined products. Therefore, the alternative standard, the intramolecular
Mitsunobu reaction,?! was conducted by the treatment of (S5)-12 with diisopropyl azodicarboxylate (DIAD) and
Ph3P. The desired lactonization cleanly occurred and afforded dilactone (5)-19 in 87% yield.22 Further
elaboration to functionalize the nine-membered ring required little work, and consequently, we were able to obtain

(5)-10 on a multi-gram scale.  Another diastereomer (R)-10 was also synthesized without event in the same
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Synthesis of 3-Hydroxy-4-methoxypiyridine-2-carboxylic Acid (5)

We initially chose the known 3-hydroxy-4-methoxypyridine?3 as the starting material which could be
prepared from commercial 4-methoxypyridine N-oxide (Scheme 6). However, 3-hydroxy-4-methoxypyridine
was extremely water-soluble so that it required much work to take up it from the reaction mixture of
phenyllithium-B(OMe)3-30% AcOOH. Furthermore, this reaction required explosive 30% AcOOH as an

oxidant, so that it must be conducted under special conditions if prepared on a multi-gram scale.
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From these reasons, we changed our mind and re-selected 3-hydroxypyridine (20) as the new starting material
(Scheme 7). The hydroxy group of 3-hydroxypyridine (20) was first converted to the methoxymethyl ether in
order to protect the hydroxy group, and at the same time, as an ortho lithiation directing group.  3-
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Methoxymethoxypyridine (21) was then deprotonated at the C4-position according to Ronald's procedure?4 and
quenched with 1,2-dibromo-1,1,2,2-tetrafluoroethane to give rise to 4-bromo-3-methoxymethoxypyridine
(22).25 The replacement of bromine with a methoxy group was successfully carried out with NaOMe/MeOH
and afforded 4-methoxy-3-methoxymethoxypyridine (23) in 81% yield from 21. The carboxylation at the Cy-
position was then examined using several lithiating reagents under various conditions, and ¢-butyllithium in THF
at -78°C followed by dry-ice quenching gave the best results (>98% regioselectivity), and acidic work-up

ded 3-hydroxy-4-methoxypyridine-2-carboxylic acid (5) in 97% yield. The total yield of 3-hydroxy-4-

affor 1ydroxy-4-methox ypyridin y hy y
methoxypyridine-2-carboxylic acid (5) from the commercially available 3-hydroxypyridine (20) was greater than
Enont
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Enantioselective Total Synthesis of UK-2A

The final stage in the total synthesis of UK-2A, the coupling of 3-hydroxy-4-methoxypyridine-2-
carboxylic acid (5) with each dilactone (5)-1 and (R)-1 prepared from each of the corresponding Boc derivatives
(5)-10 and (R)-10 by TFA-CH;Cl,, was successfully achieved in the presence of EDCI/HOBL, respectively
(Scheme 8). Both (2R, 3R, 45, 75)-UK-2A and (2R, 3R, 45, 7R)-UK-2A were subjected to 'H and 13C NMR
studies. Chart 1 shows the difference in the chemical shifts of protons and carbons in CgDg between natural

UK-2A and each synthesized diastereo UK-2A (Charts 1-1 and 1-3)
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Chart 1. Difference in Proton and Carbon Chemical Shifts between Reported UK-2A
each of Synthetic (2R 3R, 48, 75)-UK-2A and (2R 3R, 45, 7R) -UK-2A.

and

Chart 1 3 Carbon in G 5D

Zd (2R, 3R, 4S, 75)-UK-2A (2R, 3R, 45, 7R)-UK-2A

The y-axes represent 8A (8A = dgynthetic - Snatural IN PPM)




Other NMR experiments in CDCI3 are also shown in the charl (Charts 1-2 and 1-4). These exercises clearly
demonstrated that (2R, 3R, 45, 75)-UK-2A and (2R, 3R, 45, 7R)-UK-2A exhibited distinct spectroscopic
characteristics that differed from each other, and that (2R, 3R, 45, 75)-UK-2A displayed spectroscopic
characteristics that were identical to those of natural UK-2A, therefore, establishing that the relative
stereochemistry of the four asymmetric centers in the dilactone of UK-2A is (2R, 3R, 4S5, 75) or its antipode.
The specific rotation of synthesized (2R, 3R, 48, 75)-UK-2A was then measured under the same conditions in
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The Synthesis of the Reported Degradation Products of UK-2A

In order to reconfirm the configurations of UK-2A, we synthesized the reported degradation products> of
UK-2A, y-lactone 24, 25, both enantiomers of picolinylserine methyl ester (S)-26 and (R)-26, in optically pure
forms (Schemes 9 and 10). The physical data of the synthetic y-lactone 25 were identical with the reported y-

lactone 25, so that we could reconfirm the absolute stercochemistry of the three consecutive asymmeltric centers
from C7 to C4 as (2R, 3R, 45).27
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The absolute configuration of the reported picolinylserine methyl ester 26 was confusing. The 'H and
13C NMR of both enantiomers of the picolinylserine methyl ester 26 synthesized were identical with that of the
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reported picolinylserine methyi ester 26. The synthesized picolinyl-L-serine methyl ester 26, which has the §
configuration, has shown [a]27p +29.0° (¢ 0.44, CHCI3), and the synthesized picolinyi-D-serine methyl ester
26, which has the R configuration, has shown [0]27p -29.72 (¢ 1.01, CHCI3). On the other hand, the reported
picolinylserine methyl ester 26 has shown [0]27p -11.03 (¢ 0.60, CHCl3). From these results, it appeared that
the reported picolinylserine methyl ester 26 was not optically pure and that the picolinyl-D-serine methyl ester
(R)-26 was a major composer of it. This result was not in accordance with the absolute configuration at the Cy

position of UK-2A, because UK-2A has been synthetu_al]y determined to have the S configuration at the Cy
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major CoOmposer m,mg ic plu)uuy; -serine methyl ester (R)-
before UK-2A was methanolyzed into the picolinylserine methyl ester (5)-26, the C7 position of UK-2A was
epimerized, and at the same time, (2R, 3R, 45, 7R)-UK-2A appeared to be thermodynamically more stabie than
natural (2R, 3R, 45, 75)-UK-2A under the methanolyzed conditions. An alternative way to think of it is that
(2R, 3R, 4S5, TR)-UK-2A underwent methanolysis much faster than (2R, 3R, 45, 75)-UK-2A and that the
equilibration consequently increased the amount of the picolinyl-D-serine methyl ester (R)-26.

In order to elucidate why the rine form became dominant during the acidic degradation conditions, we
performed the contermatienal searches on both (2R, 3R, 48, 75)-UK-2A and (2R, 3R, 45, 7TR)-UK-2A and
their common enol tautomer at the C position28 in lecular mechanics basi (Quama/CHARMM) 29 The

enol form was Suppos
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he initial transition state during the course of th
strategy using the iterative computations of MD trajectories at high (900K) and low (30UR) temperatures was
completely the same as the reported procedure by Perez et al.3®  As shown in Figure 1, the overlay of the lowest
potential energy conformations of each one indicated that their ring conformations were almost identical within a
0.27 rms difference value. Moreover, the conformations of (2R, 3R, 45, 75)-UK-2A and the enol were quite
similar to each other including the side-chain at the Cy position, while the conformation of (2R, 3R, 45, 7R)-UK-

2A had to have an axial array of the side-chain at the C7 position.

Figure 1

Protonated UK-2A

Protonated Enol
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Protonated (7R)-UK-2A

This has clearly meant that (2R, 3R, 45, 75)-UK-2A has already the much closer conformation to its enol form,
namely the transition state, in the low conformation energy level than has (2R, 3R, 4§, 7R)-UK-2A. From a
thermodynamic point of view, this would be quite reasonable for (2R, 3R, 4S5, 75)-UK-2A to be favorably
epimerized and then dominantly changed to (2R, 3R, 4S, 7R)-UK-2A31  Therefore, the epimerization
experiments were examined under acidic conditions in an aprotic solvent so that UK-2A was intended not to be
salv 1 zed inta esmaller maolecules. 4N HCI in dioxane at between 0°C and 60°C did not do any vthin ng with UK-

2A. UK-2A was completely stable under these conditions. TFA~CH2C12 was then used, but no reaction was
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under acidic conditions. At that time, we abandoned our pursuit of the epimerization.
Enantioselective Total Synthesis of UK-3A

Both (2R, 3R, 45, 75)-UK-3A and (2R, 3R, 45, 7R)-UK-3A were synthesized from the corresponding

precursors respectively as shown in Scheme 11.
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Both (2R, 3R, 45, 75)-UK-3A and (2R, 3R, 4S5, 7TR)-UK-3A were subjected to !H and 13C NMR analyses.
Chart 2 shows the difference in the chemical shifts of protons and carbons between natural UK-3A and each
synthesized diastereo UK-3A. This exercise clearly demonstrated that (2R, 3R, 45, 75)-UK-3A and (2R, 3R,
45, 7R)-UK-3A exhibited distinct spectroscopic characteristics differing from each other, and that (2R, 3R, 4S5,
75)-UK-3A displayed spectroscopic characteristics that were identical to those of natural UK-3A, therefore,
cstabhshmg that the relative stercochemlstry of the four asymmetric centers in the dilactone of UK-3A is (2R, 3R,

Ci
A hac I’\l\{ SOTY TO

2A.

\ = s =
'_vamhmo"r@\nnzz“h_‘ftnb:—igij
Q5 % % 9 =z x B
[¢]
N N N
ﬁ*‘r're?":S e
I ! o
s 8%

(2R, 3R, 4S, 75)-UK-3A (2R, 3R, 4S, 7A)-UK-3A

The y-axes represent 8A (8A = Sgynthetic - Snatural i PPM)



Synthesis of UK-2A Analogs and Their Antifungal Activities and Cytotoxic Activities

UK-2A has been reported to have a very strong and broad antifungal spectrum like antimycin A3z, but its
cytotoxic activities against several mammalian cells are very weak compared to those of antimycin A.52
Therefore, there should be a large difference between them. In order to define this difference, the two analog

t=

K-2A were synthesized (Scheme 12). One analog was a h

L858 WAt oyl

the 3-formam1dosalicyly group, and the other was the 3-methoxysalicylic acid analog which seemed to have the

same steric environment around the aromatic carboxaminde with UK-2A but the basicity of the molecule could be
much lower than UK-2A.
Scheme 12
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The susceptibility of a variety of yeasts and filamentous fungi to these two analogs, 27 and 28, along
with UK-2A, (2R, 3R, 45, TR)-UK-2A, UK-3A, (2R, 3R, 45, 7R)-UK-3A, and antimycin A was determined

compared with the reference compounds, amphotericin B and fluconazole, by the serial 2-fold agar dilution
methad accardine to the renartad nraocadnre 54 Ac cummarized in Tahla 1 TK-2A antimvuein A and the hvhrmd
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analog 27, have a broad antifungal spectrum. It should be noted that these three compounds were active against
the Aspergillus sp. which often shows little susceptibility to azole antifungal agents. On the other hand, it was a
quite surprising result that none of the tested compounds were unable to affect the Candida sp. in Table 1. Since
the 3-methoxysalicylic acid analog 28 appeared to have no antifungal activity against the tested microorganisms
on the list in Table 1, the nitrogen in the picolinic acid moiety seemed to be essential to having antifungal activity.
Perhaps the basicity of the nitrogen changes the permeability and/or the behavior of the molecule in the
microorganism cells. Unexpectedly, the C7 epimer, (2R, 3R, 45, 7R)-UK-2A showed no activity against the
tested microorganisms. This result suggested that the configuration at the C7 position was very important for the

antifunoal activityv Therefore we carried out a conformational search on antimvein Aa to obtain a ronch idea
antiiungai activity ihereiore, we carrned out a coniormational searcn on anumycin Ajz {0 ootain a rougn igea
alnnt tha himantiga snmnfarmatiom ~f thaca carine Af Anmanmannde Alth ~aaogl amtian e a1 avten mnather]

o0uUl i€ 010acCiive Coniormation O1 unese Serics O1 Compounas. Autndugn ant ias an exira metnyi

group at the Cg position and it would be postulated that this should result in a different conformational space
distribution on the ring conformation from UK-2A, UK-2A and antimycin A3 can be imagined to share the same
type of total shape to bind to the same kind of receptor based upon the antifungal activities. Consequently, both

UK-2A and antimycin A3 turned out to have a very similar "extended (all equatorial form)" shape in a low energy



conformation for each even though the "extended” form could not be sampled at all within 3 kcal/mol from the
lowest energy level in regard to (2R, 3R, 45, 7R)-UK-2A. Although we understand that more SAR data should
be needed for further pharmacophore development, it can be said that the total shape of these molecules would be
important for the antifungal activities.

UK-3A was only able to affect the Trichophyton sp. at rather high concentrations and its Cy epimer, (2R,
7R) UK-3A, had no anufungal activity at all in our experiment. This suggested that the methoxy group

fibrobias
summarized in Table 2. Amphotericin B and antimycin A showed strong cytotoxicities against P-388 and EL-4,
but UK-2A had a very weak cytotoxicity against all tested cell lines.  As the hydrophobicity of UK-2A is greatly
reduced by the presence of the pyridine ring compared to that of antimycin A, this defference may reflect the
performance of UK-2A during transceller absorption. The hybrid analog 27 showed relatively weak
cytotoxicities compared to antimycin A. It should be stated that the hybrid analog 27 has the same 3-

formamidosalicylyl group as antimycin A which is believed essential to blocking the electron flow in the

mitochondrial respiratory chain between cytochromes b and ¢1.9  This fact su ggested that the benzyl group
and/or the absence of the Cg methy! group decreased the cytotoxicity of 27 and that the selective toxicity against

CTYTLZ A A

yeasts and filamentous fungi of UK-2ZA may stem from the feature of the nine-membered dilactone. The fact that
(2R, 3R, 48, TR)-UK-2A, UK-3A and (2R, 3R, 45, 7TR)-UK-3A, which have no antifungal activities, show the
similar cytotoxic activities to UK-2A suggested that it is quite probable to create a new antifungal agent with no
cytotoxicity based upon the structure of UK-2A.

EDsg (ng/mi)
UK-2A  (7R)-UK-2A UK-3A (7R)-UK-3A 27 28 Antimycin A Amphotericin B Fluconazole

-

H 4 57 38 51 >100 46 12 6.4 >100

P-388® 37 80 14 74 85 30 <0.05 0.84 >100
C -

EL-4 23 76 7.6 >100 34 30 0.05 .54 >100

2 Human embryonic lung fibroblast. P Mouse leukemia cell. ¢ Mouse lymphoma cell.

Conclusion

In summary, we have developed a synthetic route to the naturally occurring form of U

configurations in the nine-membered ring of UK-2A. We have synthesized another natural product, UK-3A, in
the optical pure form as well. In order to define the selective cytotoxicities of UK-2A against yeasts and
filamentous fungi, two types of UK-2A analogs were synthesized and subjected to the MIC evaluations and
cytotoxic activity examinations along with UK-2A, (2R, 3R, 45, 7R)-UK-2A, UK-3A, (2R, 3R, 4S5, 7R)-UK-
3A, and antimycin A.
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These results suggested that the basicity of the picolinic acid moiety in UK-2A was essential for the antifungal
activities and that the feature of the nine-membered dilactone contributed to the selective cytotoxicities.

Experimental Section

Instrumentation

reference (7.24 ppm for 1H NMR and 77.0 ppm for 13C NMR), or DMSO-dg with DMSO d5 as the internal
reference (2.49 ppm for lH NMR and 39.5 ppm for 13C NMR), or C¢Dg with CgDsH as the internal reference
(7.16 ppm for 1H NMR and 128.0 ppm for 13C NMR). Coupling constants are reported in hertz (Hz). Spectral
splitting patterns are designed as s (singlet), d (doublet), t (triplet), g (quartet), m (multiplet), and br (broad).
Infrared spectra were recorded on a Shimadzu FTIR-4200. Gas-chromatography-mass-spectrometry was
performed with a Shimadzu GCMS-QP1000EX. Microanalyses were performed with a Yanaco CHN CORDER
MT-S5. Mass spectra were measured on a JEOL HX-110A. Melting points were obtained from a Yanaco MP-
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AT A LI LW Wilw VLAV LLAG A 211X L“J Wi Wil Ulllu‘-\_’&l “}IILJ YY iAo l}\/lL\]llll\/u iE A AVAWI WA AIl\d WV, lll.\d\{\lul-w DAL 6\11
ZNe . - VS NI VRS g PR Y b T2 NA b T M 21 el L0 /7IN AN L. AOTAAN
U254 L OIHLHL CHTOUHIALOEIADIY Wdd CAITICU UUL WILIL . IVICICK alll U O, SICd 2O AT { /URL00 HHESL AD 1 1vl)

Tetrahydrofuran (THF) was distilled from sodiun/benzophenone ketyl prior to use. Ether was dried over
sodium at 25 °C for 3 days prior to use. DMF was dried over 13X molecular sieves at 25 °C for 3 days prior to
use. n-Butyllithium and #-butyllithium were purchased from Kanto Kagaku Co., Inc. Dichloromethane and all

secondary amines were dried over 4A molecular sieves prior to use. All other reagents were purchased from
Air- and / or moisture- sensitive reactions were carried out under an atmosphere of argon.

(4R)-4-1sopropyl-3-(3-phenylpropionyl)-oxazolidin-Z-one (7) To a stirred, cooled (-78 °C) solution
of (R)-4-isopropyloxazolidin-2-one (11.0 g, 85.3 mmol) in THF (200 ml) was added n-butyllithium (1.58 M of
hexane solution, 56.5 ml, 89.3 mmol) dropwise. The mixture was stirred for 20 minutes, treated with
hydrocinnamoyl chloride (19 ml, 128 mmol) and stirred for 3 hours.  After the mixture was quenched with
ammonium chloride (saturated aq.), the resulting solution was gradually warmed to room temperature, and

extracted with ether (3x). The combined organic layers were washed with 1 N NaOH agq. snlulmn, and brine,

CDCi3) 0.83 (d, J = 6.9 Hz, 3H), 0.89 (d, J = 6.9 Hz, 3H), 2.34 (m, i . . .
2H), 4.15-4.25 (m, 2H), 4.40 (m, IH), 7.15-7.31 (m, SH); 13C NMR (67.8 M CDCI3) 14.5 (g), 17.8 (q),
28.3 (d), 30.3 (1), 37.0 (1), 58.3 (d), 63.3 (1), 126.1 (d), 128.36 (d, 2C), 128.45 (d, 20), 140.4 (s), 154.0 (s),

172.3 (s); IR (CHCI3) 1850, 1790, 1775, 1705, 1640, 1605, 1540, 1485, 1455, 1390, 1305, 1230, 1180,



3

1108, 1070, 1025, 1000, 970 cm-1; FABMS: m/z 262 (M+H)*; Anal. Calcd for C15HgNO3: C: 68.96; H: 7.28;
5.36; Found: C: 68.83; H: 7.25; N: 5.27.

(4R)-[(2R,3R,45)-2-Benzyl-3-hydroxy-4-benzyloxypentanoyl]-4-isopropyloxazolidin-2-one
(8) To a stirred, cooled (0 °C) solution of imide 7 (5.38 g, 20.6 mmol) in dichloromethane (60 ml) was added
dibutylboron triflate (1.0 M of dichloromethane solution, 22.6 ml, 22.6 mmol) and triethylamine (4.0 ml, 28.7

1 . [e]
solution of alus..y{.c 6 (2.21 g, 13.5 mmol} in dichloromethane (11 ml), s{med at-78°Cfor 1 hﬁ'ur, and at 0 °C
Foee 7 & Lunozwn T - - S S . . P EpRp MU T .Y S T 7 s Y <IT " 1N
VI £.0 110UlL 1ne mixture was tnen treated with a pnosphate butter s JIULon \‘L}L IV{, ph 7y 1

I
207 aq. (40 ml) in methanol (80 ml) dropwise over 30 minutes, and
stirred at «10 °C for 1 hour. After quenchmg with NapS703 (saturated aq.) dropwise, the resulting mixture was
extracted with ethyl acetate (3x). The combined organic layers were washed with 5§ % NaHCO3 aq. solution,
and brine, and dried over MgSOy4. The solvent was removed under reduced pressure and the residue was
purified by silica gel column chromatography (hexane-AcOEt) to give (4R)-[(2R,3R,45)-2-benzyl-3-hydroxy-4-
benzyloxypentanoyl]-4-isopropyloxazolidin-2-one (8) (2.58 g, 73 %) as a colorless crystalline solid (m.p. 125.0
~127.0 °C); [a]25p +30.42° (¢ 0.802, CHCI3); 'H NMR (270 MHz, CDCl3) 0.17 (d, J = 6.6 Hz, 3H), 0.67 (d,
1 =73 Hz, 3H), 1.32 (d, ] = 5.9 Hz, 3H), 1.84 (m, 1H), 2.64 (d, ] = 4.6 Hz, 1H), 2.96 (dd, T = 10.6, 13.2

2L, D127, 2 1324, 2IL) Q \iiiy 243/, ixi)

(d,
49 (m, 2H), 3.82 (dd, ] = 2.6, 8.9 Hz, 1H), 3.90 (m, 1H), 4.09

Hz, 1H), 3.23 (dd, J = 5.3, 13.2 Hz, 1H), 3
(dt, J = 8.6, 2.6 Hz, 1H), 430 (d,J = 11.9 Hz, 1H), 461 (d, ] = 11.9 Hz, 1H), 481 (dt, J = 5.3, 10.2 Hz,
twwn e s e A s ey 12 wra s o R —~

D-1.43 (m, 1UH); 1°C NMK (6/.

& MHz, CDCI3) 13.6 (q), 15.9 (q), 179 (q), 28.0 (d), 34.9 (1), 45.8
(d), 58.3 (d), 62.2 (1), 70.0 (1), 75.2 (d), 76. d), 126.4 (d), 127.2 (d, 2C), 127.5 (d). 128.3 (d, 4C), 129.5
(d, 2C), 138.36 (s), 138.42 (s), 153.5 (s), 175.0 (s); IR (KBr) 3400, 2960, 1756, 1740, 1495, 1215, 1105,
740, 705 cm-l; FABMS m/z 426 (M+H)*+, 408, 318, 189; HRFABMS Calcd. for C25H32NOs: 426.2281;
Found: 426.2290; Anal. Calcd for Cp5H31NOs: C: 70.57; H: 7.34; N: 3.29; Found: C: 70.51; H: 7.28: N: 3.20.

R,3R 4! 1zyl-3 butyldimethylsilan 1 loxypentanoi
. o . ) .
stirred, cooled (0 °C) solution of aldol 8 (515 mg, 1.21 mmol) in THF-H)O (3 : 1,24 ml) was added 30 % H,Op
a4 n M 0oy PR v v orrmsaa oo 1 A n cbremz o i 172 N O
ag. (1.0 ml, 8.8 mmol) and 2N LiOH ag. (0.9 ml, 1.8 mmol) successively. Alfter stirming {or 13 hours at 25 °C,

the mixture was quenched with 0.75 M NaS03 aq. at 0 °C, stirred at 25 °C for 30 minutes, acidified with 5 %
citric acid aq., and extracted with ethyl acetate (3x). The combined extracts were washed with brine, dried over
MgS0y4, and concentrated. Silica gel column chromatography (ether-hexane) gave (R)-4-isopropyloxazolidin-2-
one (125 mg, 81 % recovery) and (2R,3R.45)-2-benzyl-3-hydroxy-4-benzyloxypentanoic acid (380 mg, 100 %)
as a colorless crystalline solid (m.p. 133.0 ~ 134.0 °C); [a]23p +54.4° (¢ 1.00, CHCl3); 1H NMR (270 MHz,
CDCl3) 1.25 (d, J = 5.9 Hz, 3H), 2.89 (br d, J = 10.6 Hz, 1H), 2.95 (br d, J = 9.7 Hz, 1H), 3.14 (m, 1H),
3.55 (m, 1H), 3.97 (t. } = 5.3 Hz, 1H), 438 (d. } = 11.6 Hz, 1H), 4.55 (d. J = 11.6 Hz, 1H), 7.10-7.38 (m,
10H); 13C NMR (67.8 MHz, CDCl3) 14.3 (q), 33.8 (1), 49.4 (d), 70.6 (1), 73.0 (d), 75.3 (d), 126.4 (d), 127.8

(d, 3C), 128.37 (d, 2C), 128.42 (d, 20), 128.9 (d, 2C), 137.9 (s), 138.8 (s), 179.2 (s); IR (CHCl3) 3420
(d, 3C), 128.37 (4, 2C), (d, 2C), 128.9 (d, 2C), 137.9 (s), 79.2 (s); IR (CHCl3) 3420,
2950, 1720, 1640, 1500, 1280, 1100, 745, 700 cm-!; FABMS m/z 315 (M+H)*, 277, 241, 185; HRFABMS
Caicd. for C1gH204: 315.1597; Found: 315.1595.

To a stirred solution of the above carboxylic acid (2.61 g, 9.78 mmol) in DMF (14.7 ml) was added
imidazole (2.02 g, 29.6 mmol) and chloro #-butyldimethylsilane (2.24 g, 14.4 mmol) successively. After stirring
for 6 hours at 25 °C, the mixture was quenched with H2O (10 ml), stirred at 25 °C for 2.5 hours, and cxtracted



with ethyl acetate (3x). The combined organic layers were washed with brine, dried over MgSQy, and
concentrated.  Silica gel column chromatography (ether-hexane) gave (2R,3R,45)-2-benzyl-3-(tert-
butyldimethylsilanyloxy)-4-benzyloxypentanoic acid (4) (3.72 g, 89 %) as a colorless oil; [@]25p +13.27° (c
1.01, CHCl3); 1H NMR (270 MHz, CDCl3) 0.03 (s, 3H), 0.08 (s, 3H), 0.92 (s, 9H), 1.21 (d, J = 5.9 Hz, 3H),
1.24 (br d, J = 8.9 Hz, 1H), 2.89 (br d, J = 9.6 Hz, 1H), 3.05 (m, 1H), 3.48 (m, 1H), 4.04 (t, ] = 6.0 Hz,
1H), 4.38 (d, J = 11.9 Hz, 1H), 4.52 (d, J = 11.6 Hz, 1H), 7.06-7.34 (m, 10H); 13C NMR (67.8 MHz,

Condensation of carboxylic acid 4 with N-Boc-L-Ser-OBn To a stirred solution of carboxylic acid 4
(558 mg, 1.37 mmol) and N-Boc-L-Ser-OBn (487 mg, 1.65 mmol) in dichloromethane (5.0 ml) was added
DMAP (16.4 mg, 0.13 mmol) and EDCI-HC1 (323 mg, 1.68 mmol) successively. After stirring for 21 hours at
25 °C, the mixture was diluted with ether-hexane (1 : 2, 10 ml) and filtered through a short-pass silica gel column.
The filtrate was concentrated and purified by sili
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+29.93° (¢ 0.608, CHCI3); !H NMR (270 MHz, CDCl3) 0.09 (s, 3H), 0.10 (s, 3H), 0.93 (s, 9H), 1.12 (d, ] =
6.3 Hz, 3H), 1.45 (s, 9H), 2.65-2.80 (m, 2H), 3.20 (d, J = 9.6 Hz, 1H), 3.31 (dq, J = 3.6, 6.3 Hz, 1H), 4.05
(m, 1H), 4.11-4.19 (m, 2H), 4.36 (m, 1H), 4.45 (s, 2H), 5.02 (d, J = 12.2 Hz, 1H), 5.10 (d, J = 12.2 Hz,
1H), 7.10 (d, J = 6.6 Hz, 2H), 7.08-7.37 (m, 13H); 13C NMR (67.8 MHz, CDCl3) -4.6 (q), -3.8 (q), 14.4 (q),
18.3 (s), 26.0 (g, 3C), 28.2 (g, 3C), 35.7 (1), 52.2 (d), 52.7 (d), 64.0 (1), 67.2 (1), 70.6 (1), 75.3 (d), 76.9 (d),
80.0 (s), 126.5 (d), 127.4 (d), 127.7 (d, 20), 128.0 (d, 2C), 128.1 (d, 2C), 128.4 (d, 2C), 128.5 (d, 20),

128.6 (d, 2C), 128.7 (d), 135.0 (s), 138.3 (s), 139.3 (s), 155.0 (s), 169.2 (s), 173.3 (d): IR (ncat) : 3420,
1740, 1720, 1605, 1500, 1455, 1390, 1370, 1360, 1255, 1160, 1105, 840 cm"!; FABMS m/z 706 (M+H)*;

HRFABMS Calcd. for C40HssNOgSi: 706.3775; Found: 706.3770.

Attempt to synthesize the nine-membered lactone 1 from hydroxycarboxylic acid 2 To a stirred
solution of the condensation product 9 (170 mg, 0.24 mmol) in ethanol (4.0 ml) was added 10 % Pd(OH),-C (34
mg). The resulting suspension was applied with Hy gas (4.0 atm) and stirrred vigorously at 25 °C for 14 hours.
Then the mixture was filtered through Celite column and concentrated to give the crude seco acid, (2R,3R,45)-2-
benzyl-3-(tert-butyldimethylsilanyloxy)-4-hydroxypentanoic acid (25)-2-tert-butoxycarbonylamino-2-carboxy-
ethyl ester (2), (126 mg, 100 %).

To a stirred, cooled (0 °C) solution of the above seco acid 2 (84 mg, 0.119 mmol) in dichloromethane
(1 m}) was added triethylamme ( 25 ml, 1.79 mmol), 4-dimethylaminopyridine (400 mg, 3.27 mmol) and

ml, 1.47 mmol) successively. After stirring for 14 hours at 25 °C, the
mixture was washed with 5 % citric acid aq., saturated NaHCO3 aq., and brine successively. The resulting
solution was dried over MgSQy4, and concentrated. Silica gel column chromatography (ethyl acetate-hexane)
gave (3R,4R,55)-3-benzyl-4-(tert-butyldimethylsilanyloxy)-S-methyldihydrofuran-2-one (11) (26.0 mg, 68 %)
as a colorless crystalline solid (m.p. 58.0 ~ 59.0 °C); [@]25p -27.8° (¢ 1.04, CHCl3); 1H NMR (270 MHz,
CDCl3) -0.05 (s, 3H), -0.02 (s, 3H), 0.85 (s, 9H), 1.25 (d, J = 6.6 Hz, 3H), 2.90 (dd, J = 6.3, 12.5 Hz, 1H),



2.97-3.12 (m, 2H), 3.80 (dd, J = 5.0, 5.9 Hz, 1H), 4.23 (dg, J = 5.0, 6.6 Hz, 1H), 7.21-7.34 (m, SH); 13C
NMR (67.8 MHz, CDCI3) -4.6 (q), -4.5 (q), 17.7 (s), 18.7 (@), 25.5 (g, 3C), 33.8 (1), 51.4 (d), 77.3 (d), 81.8
(d), 126.8 (d), 128.6 (d, 2C), 129.2 (d, 2C), 137.7 (s), 176.3 (s); IR (KBr) : 1755, 1645(br), 1500, 1470,
1455, 1385, 1360, 1315, 1255, 1190, 1115, 1090, 1045, 1020, 955, 880, 845 cm-!; FABMS m/z 321 (M+H)*:
HRFABMS Calcd. for C13Hy903Si: 321.1886; Found: 321,1889.

(S)-2-(4-Methoxybcnzyl0xy) -propional (15) To a stirred solution of ethyl (S)-lactate (15.0 g, 0.109
7 imida 213 m

1.
b tErAs A PN a

filiered to remove precipitates.  The filtraie was concentrated and purified by
silica gel column chromatography (ethyl acetate-hexane) to give cthyl (5)-2-(4-methoxybenzyloxy)-propionate
(26.0 g, 86 %) as a coloriess oil; [0]27p -69.4° (¢ 1.04, CHCI3); 'H NMR (270 MHz, CDCI3) 1.30 (t,J =69
Hz, 3H), 1.41 (d, J = 6.9 Hz, 3H), 3.80 (s, 3H), 4.03 (g, J = 6.9 Hz, 1H), 4.22 (g, J = 7.3 Hz, 2H), 4.39 (d,
J =112 Hz, 1H), 4.62 (d,J = 11.2 Hz, 1H), 6.88 (d, J = 8.6 Hz, 2H), 7.29 (d, J = 8.6 Hz, 2H); FABMS m/z
239 (M+H)*.

To a stirred, cooled (-78°C) solution of the above ethyl (5)-2-(4-methoxybenzyloxy)-propionate (21.0 g,
&8.0 mmol) in THF (200 ml) was added diisobutylaluminum hydride (0.93 M of hexane solution, 100 ml, 93

mmol) dropwise. After stirring for 2 hours at -78 °C, the mixture was quenched with saturated sodium potasium

tartrate aq. (500ml), stirred at 25 °C for 1 hour and extracted with ethyl acetate (3x). The combined extracts were
washed with brine, dried over MgSOy4 and concentrated.  Silica gel column chromatography (ethyl acetate-
PN -1 o~ oy

hexane) gave (5)-2-(4-methoxybenzyloxy)-propional (18) (14.3 g, 83 %) as a coloriess oil; []%3p -40.87° (¢
1.03, CHCI3); 'H NMR (270 MHz, CDCl3) 1.31 (t, ] = 6.9 Hz, 3H), 3.81 (s, 3H), 3.87 (dg, J = 1.7, 6.9 Hz,
1H), 453 (d, J = 11.2 Hz, 1H), 4.58 (d, J = 11.2 Hz, 1H), 6.89 (d, J = 8.6 Hz, 2H), 7.29 (d, J = 8.6 Hz,
2H), 9.64 (d, J = 1.7 Hz, 1H); FABMS m/z 194 (M+H)*.

<

(4R)-[(2R,3R,45)-2-Benzyl-3-hydroxy-4-(4-methoxybenzyloxy)-pentanoyl]-4-isopropyl-

oxazolidin-2-one (16) This was prepared from imide 7 (22.0 g, 84.1 mmol) and (§)-2-(4-
methoxybenzyloxy)propional (15) (10.9 g, 56.2 mmol) by the procedure for aldol 8. (4R)-[(2R,3R,45)-2-
benzyl-3-hydroxy-4-methoxybenzyloxypentanoyl]-4-isopropyl- oxazohdm 2-one (16) (21.0 g, 82 %) was
obtained as a colorless crystalline solid (m.p. 94 ~ 95 °C); [025p +19.7° (¢ 1.00, CHCl3); 'H NMR (27() MHz,
CDCl3) 0.22 (d, J = 6.9 Hz, 3H), 0.70 (d, J = 6.9 Hz, 3H), 1.29 (d, J = 5.9 Hz, 3H), 1.89 (dqq, J = 3.3, 6.9,

6.9 Hz, 1H), 2.61 (d, J = 4.3 Hz, 1H), 2.96 (dd, J = 10.2, 13.5 Hz, 1H), 3.18 (dd, J = 5.3, 13.5 Hz, 1H),
3.47 (dq, J = 5.9, 5.9 Hz, 1H), 3.69 (t, J = 8.6 Hz, 1H), 3.78 (s, 3H), 3.81-3.92 (m, 2H), 4.15 (dt, T = 8.6,
3.3 Hz, 1H), 4.24 (d, J = 11.2 Hz, 1H), 453 (d, J = 11.2 Hz, 1H), 479 (ddd, J = 5.3, 5.3, 10.2 Hz, 1H),
6.87 (d, J = 8.6 Hz, 2H), 7.10-7.29 (m, 7H); 13C NMR (67.8 MHz, CDCl3) 13.6 (q), 15.9 (q), 17.9 (q), 28.0
(d), 34.7 (1), 45.6 (d), 55.2 (q), 58.3 (d), 62.2 (1), 69.7 (1), 75.1 (d), 75.9 (d), 113.6 (d, 2C) 126.4 (d), 128.2
128.8 (d, 20), 129.4 (d, 2C), 130.4 (d), 138.4 (3), 153.4 (s), 159.0 (s), 175.1

(.II‘



(2R ,3R,45)-2-Benzyl-3-hydroxy-4-(4-methoxybenzyloxy)-pentanoic acid benzyl ester (17)
To a stirred, cooled (0 °C) solution of aldol 16 (4.44 g, 9.76 mmol) in THF-H20 (3 : 1, 160 ml) was added 30 %
H207 aq. (8.0 ml, 71.0 mmol) and 2 N LiOH aq. (7.2 ml, 14.4 mmol) successively. After stirring for 12 hours
at 25 °C, the mixture was quenched with 0.75 M Na3SO3 aq. at 0 °C, stirred at 25 °C for 30 minutes, acidified
with 5 % citric acid aq., and extracted with ethyl acetate (3x). The combined extracts were washed with brine,
dried over MgSQOy, and concentrated. ~ Silica gel column chromatography (ether-hexane) gave (R)-4-

1isopropyloxazolidin-2-one (1.07 g, 85 % recovery) and (2R,3R,45)-2-benzyl-3-hydroxy-4-(4-methoxy-
benzyloxy)-pentanoic acid (3.09 g, 92 %) as a colorless crystalline solid (m.p. 96.0 ~ 99.0 °C); [a}25p +46.15°
{c 1.04, CHCl3); 'H NMR (270 MHz, CDCl3) 1.22 (d, J = 6.3 Hz, 3H), 2.88 (br d, J = 9.6 Hz, 1H), 2.94 (dd,
J =26, 9.6 Hz, 1H), 3.12 (m, 1H), 3.53 (m, | H), 3.78 (s, 3H), 395 (t, ] = 5.3 Hz, 1H), 431 d, ] = 10.9

Hz, 1H), 4.48 (d, J = 10.9 Hz, 1H), 6.85 (d, J = 8.6 Hz, 2H), 7.10-7.28 (m, 7H); 13C NMR (67.8 MHz,
CDCl3) 14.4 (q), 33.7 (1), 49.3 (d), 55.2 (y), 70.2 (1), 73.0 (d), 74.9 (d), 113.8 (d, 2C), 126.4 (d), 128.4 (d,
2C), 1289 (d, 2C), 129.5 (d, 20), 129.9 (s), 138.9 (s), 159.2 (s), 179.2 (s); IR (KBr) 3550, 3200, 1728,
1685, 1515, 1242, 1100, 820, 705 cm-l; FABMS m/z 345 (M+H)*, 277, 241, 185, 149; HRFABMS Calcd.
for CooH250s5: 345.1702; Found: 345.1701; Anal. Calcd for Cp9Hp40s5: C: 69.75; H: 7.02; Found: C: 69.61; H:
6.90.

To a stirred solution of the above carboxylic acid (8.04 g, 23.4 mmol) and benzyl alcohol (4.9 ml, 47.3
mmol) in THF {80.0 ml) was added tripheny pho;p hine (’ .3 g, 46.9 mmol) and DIAD (9.2 ml, 46.5 mmol)
successively. After stirring for 40 minutes at 25 °C, the mixture was concentrated and purificd by silica gel

column chromatography (ethyl acetate-hexane) to give (2R,3R,45)-2-benzyl-3-hydroxy-4-(4-
methoxybenzyloxy)-pentanoic acid benzyl ester (17) (8.99 g, 89 %) as a colorless oil; [c]29p +48.71° (¢ 1.01,
CHCI3); 'H NMR (270 MHz, CDCl3) 1.20 (d, J = 6.3 Hz, 3H), 2.72 (d, J = 3.0 Hz, 1H), 2.85-2.97 (m, 2H),
3.17 (m, 1H). 3.42 (dq, J = 5.0, 6.3 Hz, 1H), 3.78 (s, 3H), 3.96 (m, 1H), 4.29 (d, ] = 11.2 Hz, 1H), 4.44 (d,
I=11.2 Hz, 1H), 4.88 (s, 2H), 6.86 (d, J = 8.6 Hz, 2H), 7.02-7.05 (m, 2H), 7.10-7.13 (m, 2H), 7.18-7.28
(m, 8H); 13C NMR (67.8 MHz, CDCl3) 14.2 (Q), 34.4 (1), 49.8 (d), 55.2 (d), 66.2 (1), 70.2 (1), 73.3 (d), 74.9

(d), 113.8 (d, 2C), 126.3 (d), 128.1 (d), 128.2 (d, 2C), 128.3 (d, 2C), 128.4 (d, 2C), 128.9 (d, 2C), 129.4 (d,
2C), 130.2 (s), 135.3 (s), 139.0 (s), 159.2 (s), 173.9 (s); IR (neat) 3480, 1735, 1615, 1585, 1515, 1500, 1460,
1385, 1250, 1175, 1095, 1035, 980 cm-!; FABMS m/z 435 (M+H)+; HRFABMS Caled. for C27H3,0s:

ANE M~

AN E N1
435217 1 Found: 435.2143.

(2R,3R,45)-2-Benzyl-3-(tert-butyldimethylsilanyloxy)-4-hydroxypentanoic acid benzyl ester
(14) To a stirred solution of benzyl ester 17 (8.7 g, 20.0 mmol) in DMF (20 ml) was added imidazole (5.6 g,
81.5 mmol) and chloro #-butyldimethylsilane (6.1 g, 40.1 mmol) successively. Aflter stirring for 17 hours at 60
°C, the mixture was quenched with HyO (60 ml), stirred at 25 °C for 30 minutes and extracted with ethyl acetate.

7

xtract was washed with brine, dried over MgSO4, and concentrated.  Silica gel column chromatography

(ethy] acetate-hexane) gave (2R,3R,45)-2-benzyl-3-(tert-butyldimcthylsilanyloxy)-4-(4-methoxybenzyloxy)-

pentanoic acid benzyl ester (10.9 g, 99 %) as a colorless oil; [0t}25p +32.02° (¢ 1.01, CHCl3); IH NMR (270

MHz, CDCl3) 0.08 (s, 3H), 0.09 (s, 3H), 0.93 (s, 9H), 1.14 (d, J = 6.3 Hz, 3H), 2.77-2.88 (m, 2H), 3.18 (m,
IH

s , . .88 (
1H). 3.29 (dq, J = 3.0, 6.3 Hz, 1H), 3.78 (s, 3H), 4.07 (dd, J = 3.0, 6.6 Hz, 1H), 4.30 (d, J = 11.2 Hz, 1H),
435 (d, J = 11.2 Hz, 1H), 6.83 (d, J = 7.9 Hz, 2H), 7.04 (m, 2H), 7.11 (m, 2H). 7.16-7.27 (m, 8H); 13C
NMR (67.8 MHz, CDCl3) -4.7 (q), -3.8 (q), 14.3 (d), 18.4 (s), 26.1 (q, 3C), 35.4 (1), 52.4 (d), 55.2 (d), 66.0
v, 70.1 (t), 75.5 (d), 76.4 (d), 113.5 (d, 2C), 126.1 (d), 128.0 (d), 128.2 (d, 2C), 128.3 (d, 4C), 128.9 (d,



20), 129.2 (d, 20), 130.6 (d), 135.6 (s), 139.7 (s), 158.9 (s), 173.6 (s); IR (neat) 1735, 1615, 1585, 1515,
1500, 1460, 1385, 1360, 1300, 1250, 1175, 1145, 1100(sh), 1040, 940, 840 cm-!; FABMS m/z 549 (M+H)*;
HRFABMS Calcd. for C33H4505S51: 549.3036; Found: 549.3061.

To a stirred solution of the above silyl ether (200 mg, 0.37 mmol) in dichloromethane-H20 (10 : 1, 6.0
ml) was added 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) (124 mg, 0.55 mmol). After stirring for 30
minutes at 25 °C, the mixture was poured into saturated NaHCOQ3 aq., extracted with ether, washed with saturated

NaHCOj3 aq. repeatedly (until the aqueous layer was not stained with the residue of DDQ and/or its reduced
form), brine, dried over MgSOs and concentrated.  The crude alcohol, (2R,3R,45)-2-benzyl-3-(tert-
butyldimethylsilanyloxy)-4-hydroxypentanoic acid benzyl ester (14), (210 mg, 100 %) was used for the next
reaction without further purification; FABMS m/z 429 (M+H)*.

Condensation of alcohol 14 with N-Boc-L-Ser(OBn), preparation of (2R,3R,45)-2-Benzyl-4-
[(25)-3-benzyloxy-2-tert-butoxycarbonylaminopropionyloxy]-3-(tert-butyldimethyl-silanyl-

oxy)-pentanoic acid benzyl ester [(S)-18] To a stirred, cooled (0 °C) solution of crude alcohol 14 (210
mg, 0.37 mmol) and N-Boc-L-Ser(OBn) (324 mg, 1.1 mmol) in dichloromethane (2 5 ml) was added DMAP
(13.4 mg, 0.11 mmol) and EDCI (170 mg, 1.1 mmol) successively. After stirring for 2 hours at 10 °C, the

mixture was diluted with ether-hexane (1 : 2, 10 ml) and filtered through a 9h0rl—pdss silica gel column. The

filtrate was concentrated and purified by silica gel column chromatography (ethyl acetate-hexane) to give the
condensation product, (2R,3R,45)-2-benzyl-4-[(25)-3-benzyloxy-2-tert-butoxycarbonylaminopropionyloxy]-3-

(terr-butyidimethyisilanyloxy)-pentanoic acid benzyi ester [(5)-18] (238 mg, 91 % from 17) as a colorless oil;
[0)25p +16.88° (¢ 0.80, CHCl3); 1H NMR (270 MHz, CDCl3) 0.03 (s, 3H), 0.06 (s, 3H), 0.92 (s, 9H), 1.25
(d, J = 6.3 Hz, 3H), 1.43 (s, 9H), 2.83 (m, 2H), 3.10 (m, 1H), 3.62 (dd, J = 3.0, 9.6 Hz, 1H), 3.84 (dd, ] =
3.3, 9.6 Hz, 1H), 4.03 (dd, J = 3.3, 6.0 Hz, 1H), 4.42 (br s, 3H), 495 (m, 3H), 5.19 (d, J = 3.6 Hz, 1H),
6.90-7.50 (m, 15H); 13C NMR (67.8 MHz, CDCI3) -4.6 (q), -4.1 (q), 14.6 (d), 18.3 (s), 25.9 (q, 30), 28.3 (q.
3C), 34.8 (1), 51.8 (d), 54.1 (d), 66.5 (1), 70.0 (), 73.1 (1), 73.9 (d), 75.1 (d), 79.9 (s), 126.3 (d), 127.6 (d,

3C), 127.8 (d), 128.1 (d), 128.3 (d, 2C), 128.4 (d, 5C), 128.9 (d, 2C), 135.3 (s), 137.5 (s), 139.2 (s), 155.2
(s), 169.8 (s), 173.0 (s); IR (neat) 2950, 1735, 1500, 1160, 780, 742, 700 cm-1; FABMS m/z 706 (M+H)*;

(s !
HRFABMS Calcd. for C4oH55N0gSi: 706.3775; Found: 706.3766.
Nine-membered dilactone, [(35,7R,8R,95)-7-benzyl-8-(tert-butyldimethylsilanyloxy)-9-
methyl-2,6-dioxo-[1,5]dioxonane-3-yl]-carbamic acid tert-butyl ester, [(§)-19] To a stirred
solution of the condensation product (5)-18 (1.12 g, 1.59 mmol) in ethanol (25 ml) was added 10 % Pd(OH)>
(160 mg). The resulting suspension was applied with Hy gas (4.0 atm) and stirrred vigorously at 25 °C for 14
hours. Then the mixture was filtered through Celite pad and concentrated to give the crude seco acid,
(2R,3R 4S)-2-benzyl-4-[(25)-2-tert-butoxycarbonylamino-3-hydroxypropionyloxy]-3-(rert-butyldimethyl-

Y G
silanyloxy)-pentanoic acid, [($)-12] (834 mg, 100 %).
To a stirred solution of the above seco acid (5)-12 (834 mg, 1.59 mmol) in dichloromethane (1.5 1) was
added triphenylphosphine (2.5 g, 9.53 mmol) and DIAD (1.9 ml, 9.59 mmol) successively. After stirring for 24

hours at 25 °C, the mixture was concentrated and purified by silica gel column chromatography (ethyl acetate-
hexane) to give the nine-membered dilactone, [(35,7R.8R,95)-7-benzyl-8-(tert-butyldimethylsilanyloxy)-9-
methyl-2,6-dioxo-[1,5]dioxonane-3-yl]-carbamic acid rert-butyl ester, [(S)-19] (698 mg, 87 %) as a colorless
crystalline solid (m.p. 117 ~ 120 °C); [a]25p +70.68° (¢ 1.01, CHCI3); 'H NMR (270 MHz, CDCI3) 0.16 (s,
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3H), 0.21 (s, 3H), 0.96 (s, 9H), 1.39 (d, J = 6.6 Hz, 3H), 1.42 (s, 9H), 2.68 (m, 1H), 2.78 (t, J = 2.5 Hgz,
1H), 3.10 (m, 1H), 3.41 (dd, J = 5.9, 10.2 Hz, 1H), 3.77 (t, J = 8.9 Hz, 1 H), 4.73 (m, 2H), 5.20 (m, 2H),
7.12 (d, J = 6.9 Hz, 1H), 7.17-7.28 (m, 4H); 13C NMR (67.8 MHz, CDCl3) -3.1 (q, 2C), 18.2 (q), 19.0 (s),
25.9 (g, 3C), 28.2 (g, 3C), 35.5 (1), 51.8 (d), 55.4 (d), 66.1 (1), 77.3 (d, 2C), 80.4 (s), 126.5 (d), 128.5 (d,
2C), 128.8 (d, 2C), 138.6 (s), 154.7 (s), 170.7 (s). 173.4 (s); IR (KBr) 3400, 1750, 1725, 1640, 1500, 1455,
1370, 1330, 1200, 1165, 1095, 1060, 840 cm-1; FABMS m/z 508 (M+H)*; HRFABMS Calcd. for

I Y B Ed

Isobutyric acid (35,65,7R,8R)-8-benzyi-3-feri-butoxycarbonyiamino-6-methyi-4,9-dioxo-
[1,5]dioxonane-7-yl ester [(S)-10] Dilactone (5)-19 (777 mg, 1.53 mmol) was treated with (HF-
pyridine complex)-pyridine-THF (5 : 3 : 8, 8.0 ml) at room temperature and stirred until (5)-19 disappeared (ca.
3 days). The mixture was diluted with ethyl acetate, dropped into a stirred saturated NaHCO3 aq., and extracted
with ethyl acetate (2x). The combined extracts were washed with brine, dried over MgSOy4 and concentrated.
Silica gel column chromatography (ethyl acetate-hexane) gave [(35,7R,8R,95)-7-benzyl-8-hydoxy-9-methyl-2,6-
dioxo-[1,5]dioxonane-3-yl]-carbamic acid ters-butyl ester, (626 mg, 100 %) as a colorless crystalline solid (m.p.
83 ~ 88 °C); [a]25p +89.5° (¢ 1.01, CHCl3); 'H NMR (270 MHz, CDCl3) 1.42 (s, 9H), 1.42-1.46 (m, 3H)

pANS § AVLD L% B FI27 i, D2

2.70 (m, 1H), 293 (br d, J = 13.2 Hz, 1H), 3.02 (br d, J = 7.9 Hz, 1H), 3.23 (dd, J = 2.6, 13.2 Hz, 1H), 3.42
{dd, J = 6.6, 9.9 Hz, 1H), 3.67 (‘“ =
1H), 5.30 (br d, J = 8.3 Hz, 1H), 7.15-7.28 (m, 5H); 13C NMR (67.8 MHz, CDCI3) 18.3 (q), 28.2 (q, 30),
35.0 (1), 51.4 (d), 54.0 (d), 65.4 (1), 76.4 (d), 76.7 (d), 80.6 (s), 126.4 (d), 128.5 (d, 2C), 128.8 (d, 2C),
138.6 (s), 154.9 (s), 170.9 (s), 172.9 (s); IR (KBr) 3400, 1755, 1725, 1695, 1640, 1525, 1455, 1365, 1335,
1200, 1165, 1045, 890 cm-!; FABMS m/z 394 (M+H)*; HRFABMS Calcd. for CooHgNO7: 394.1866; Found:
394.1875.

To a stirred, cooled (0 °C) solution of the above alcohol (413 mg, 1.05 mmol) in pyridine (5.0 ml) was

~TYIN o= ry

7.3,9.2, 9.2 Hz, 1H), 4.72-4.83 (m, 2H), 5.18 (br t, J = 9.2 He,

added isobutyryl chloride (0.44 ml, 4.20 mmol). After stirring for 5.5 hours at 0 °C, the mixture was quenched
1 © 3 Th a 3 entiirata

with HoO (5§ ml), stirred at 25 °C for 30 minutes and extracted with ether.  The extract was washed with saturated

AT~ LI MM L ool 121 . C‘ . -~ PP | Qillnn P,

INAIIL Y i:lq.., DIHIC, Ul lLU. OVl IVlg auu concenttraieaq. 21Cd 't‘ CO 'lumn anmdlogrdphy \(, lﬂyl acetate-

hexane) gave isobutyric acid (35, 6S 7R ,8R)-8- bcnzyl 3-tert-butoxycarbonylamino-6-methyl-4,9-dioxo-
[1,5]dioxonane-7-yi ester [(S)-10] (456 mg, 94 %) as a colorless crystalline solid (m.p. 148 ~ 150 °C); [0]25p

+79.0° (¢ 1.01, CHCl3); IH NMR (270 MHz, CDCl3) 1.229 (d, J = 6.9 Hz, 3H), 1.234 (d, J = 6.9 Hz, 3H),
1.29 (d, J = 6.3 Hz, 3H), 1.42 (s, 9H), 2.61 (septet, J = 6.9 Hz, 1H), 2.68 (d, J = 10.9 Hz, 1H), 2.85-3.02
(m, 2H), 3.44 (m, 1H). 4.79 (m, 1H). 491 (dq, J = 9.9, 6.3 Hz, 1H), 5.18 (1, J = 9.9 Hz, 1H), 5.14-5.21 (m,
1H). 7.16-7.28 (m, 5H); 13C NMR (67.8 MHz, CDCl3) 17.8 (q), 18.9 (q, 2C), 28.2 (g, 3C), 34.0 (d), 34.5 (1),
51.4 (d), 51.8 (d), 65.7 (1), 74.4 (d), 75.0 (d), 80.5 (s), 126.6 (d), 128.5 (d, 2C), 128.7 (d, 2C). 137.9 (5)

/5 \/ LU LN B, 12000 e, 2%/, ey SN/ Sy

154.6 (s), 170.8 (s), 171.7 (s), 175.6 (s); IR (KBr) 3360, 1770, 1740, 1720, 1695, 1515, 1450, 1390, 1365,

194N 1180710 1070 1090 Q0N -1, mADAMC AATING. ITTDDADAMQ M1 £
1350, 1330, 1240, 1156(br), 1070, 1020, 850 cm~*; FABMS m/z 464 (M+H)*; HRFABMS Calcd. for
~ T AT AL A AND A A oy 1, AL A AAmO
U24034NUR! 404. 2284, round; 404.£L2/8

(2R,3R,45)-2-Benzyl-4-[(2R)-3-benzyloxy-2-tert-butoxycarbonylaminopropionyloxy]-3-(tert-
butyldimethyl-silanyloxy)-pentanocic acid benzyl ester [(R)-18] This was prepared from crude
alcohol 14 (320 mg, (.55 mmol) and N-Boc-D-Ser(OBn) (586 mg, 1.65 mmol) by the procedure for (5)-18.
The reaction temperature was -10 °C.  (2R.3R.45)-2-Benzyl-4-[(2R)-3-benzyloxy-2-terr-butoxycarbonylamino-



propionyloxy]-3-(tert-butyldimethylsilanyloxy)-pentanoic acid benzyl ester [(R)-18] (382 mg, 89 % from 17)
was obtained as a colorless oil; [0]25p +10.4° (c 1.07, CHCl3); 'H NMR (270 MHz, CDCl3) 0.08 (s, 6H), 0.92
(s, 9H), 1.17 (d, J = 6.3 Hz, 3H), 1.45 (s, 9H), 2.70-2.85 (m, 2H), 3.12 (m, 1H), 3.66 (dd, J = 3.0, 9.2 Hz,
1H), 3.85 (dd, J = 3.3, 9.2 Hz, 1H), 4.05 (dd, J = 2.6, 6.9 Hz, 1H), 4.38-4.47 (m, 2H), 4.52 (d, J = 12.2 Hz,
1H), 4.97 (s, 2H), 5.01 (m, 1H), 5.43 (d, J = 8.6 Hz, 1H), 7.03-7.13 (m, 4H), 7.16-7.36 (m, 11H); 13C NMR

5
\

[(3R,7R ,8R,95)-7-Benzyl-8-(tert-butyldimethylsilanyloxy)-9-methyl-2,6-dioxo-[1,5]

dioxonane-3-yl]-carbamic acid fert-butyl ester [(R)-19] This was prepared from (R)-18 (662 mg,

0.94 mmol) by the procedure for (5)-19. [(3R,7R,8R,9S5)-7-Benzyl-8-(tert-butyldimethylsilanyloxy)-9-methyl-

2,6-dioxo-[1,5]dioxonane-3-yl]-carbamic acid tert-butyl ester [(R)-19] (382 mg, 80 %) was obtained as a

colorless crystalline solid (m.p. 71 ~ 75 °C); [a]25p +85.38° (c 0.814, CHCIl3); 'H NMR (270 MHz, CDCl3)
I

0.18 (s, 3H), 0.22 (s, 3H), 0.96 (s, 9H), 1.39 (4, J = 6.3 Hz, 3H), 1.43 (s, 9H), 2.69-2.82 (m, 2H), 3.15 (m,
1TYTY lo B ¥ ¢ IR Y T o Y TTIY A 11\ T = mn s AT TN A ™ A T rd TY, 1YY 1
1H), 3.78 (t, J = 8. i} 0 (m, Ll‘l) 4.7 6

= 8.6 Hz, 1H), 7.11 (d, J = 6.6 Hz, 2H), 7.16-7.28 (m, 3H); 13C NMR (67.8 MHz, CDCI3) -3.1 (@), -2.9 (q),
18.2 (g), 19.0 (s), 25.9 (q, 3C), 28.2 (q, 3C), 35.6 (1), 55.3 (d), 56.0 (d), 66.9 (1), 77.2 (d, 2C), 80.2 (s),
126.5 (d), 128.5 (d, 2C), 128.7 (d, 2C), 138.4 (s), 154.9 (5), 168.3 (s), 175.2 (s); IR (KBr) 3430, 1760(br),
1740, 1720, 1640, 1495, 1370, 1295, 1270, 1215, 1065, 1095, 1065, 840 ¢cm-!; FABMS m/z 508 (M+H)*;
HRFABMS Calcd. for Cp6H4NO7Si: 508.2731; Found: 508.2723.

through the corresponding alcoho
The intermidiate aicohol, {(3R,7R,8R,95)-7-benzyi-§-hydoxy-9-methyi-2,6-dioxo-[1,5jdioxonane-3-yij-
carbamic acid fert-butyl ester (224 mg, 100 %) as a colorless crystalline solid (m.p. 80 ~ 90 °C); [OLJ-’-JD +102.4°
(c 0.706, CHCl3); 'H NMR (270 MHz, CDCl3) 1.43 (s, 9H), 1.43-1.48 (m, 3H), 2.64 (m, 1H), 2.76 (dt, J =
3.3, 10.4 Hz, 1H), 2.95 (m, 1H), 3.28 (br d, J = 12.9 Hz, 1H), 3.69 (dd, J = 9.2, 16.5 Hz, 1H), 4.14 (m,
1H), 4.60 (m, 2H), 4.80 (dq, J = 9.2, 6.3 Hz, 1H), 5.66 (br d, J = 8.6 Hz, 1H), 7.18-7.31 (m, 5H); 13C NMR
(67.8 MHz, CDCI3) 18.2 (q), 28.2 (q, 3C), 35.0 (1), 54.0 (d), 55.9 (d), 66.4 (1), 76.5 (d), 76.8 (d), 80.5 (s),
126.4 (d), 128.4 (d, 2C), 128.7 (d, 2C), 138.5 (5), 155.1 (s), 168.4 (s), 175.0 (s); IR (KBr) 3400(br), 1755,

1740(sh), 1695, 1640, 1500, 1455, 1370, 1300, 1250, 1220, 1165, 1150, 1065 c¢m-!; FABMS m/z 394

VEU, AOVUY, 2500, a2 LR A VAY) Vy aLaN L ST

Isobutyric acid (3R,65,7R,8R)-8-benzyl-3-tert-butoxycarbonylamino-6-methyl-4,9-dioxo-{1,5]dioxonane-7-yl
ester [(R)-10] (238 mg, 90 %) was obtained as a colorless crystalline solid (m.p. 147 ~ 148 °C); [¢]%p +94.2°
(c 0.50, CHCI3); ITH NMR (270 MHz, CDCl3) 1.24 (d, J = 6.9 Hz, 6H), 1.30 (d, J = 6.3 Hz, 3H), 1.44 (s,
OH), 2.63 (septet, J = 6.9 Hz, 1H), 2.71 (br d, J = 8.9 Hz, IH), 291 (d, T = 10.5 Hz, 1H), 2.98 (d, T = 10.5
Hz, 1H), 4.15 (m, 1H). 4.59-4.66 (m, 2H). 4.93 (dq, J = 9.9, 6.3 Hz, 1H), 5.20 (t, J = 8.9 Hz, 1H), 5.65 (br

d, J=8.9 Hz, 1H), 7.10 (d, J = 7.3 Hz, 2H), 7.16-7.27 (m, 3H); ; 13C NMR (67.8 MHz, CDCI3) 17.6 (q),



18.87 (q), 18.91 (q), 28.2 (g, 3C), 34.0 (d), 34.5 (1), 51.8 (d), 55.9 (d), 66.8 (1), 74.4 (d), 74.7 (d), 80.3 (s),
126.7 (d), 128.5 (d, 2C), 128.6 (d, 20), 137.6 (s), 155.0 (s), 168.3 (s), 173.7 (s), 175.7 (s); IR (KBr)
3400(br), 3400, 1745, 1715, 1640, 1505, 1455, 1370, 1345, 1300, 1250, 1145(sh) cm-1; FABMS m/z 464
(M+H)*; HRFABMS Calcd. for Co4H3aNOg: 464.2284; Found: 464.2288.

3-Methoxymethoxypyridine (21) A modification of the reported procedure was used which gave much
ydroxypyridine (20) (70.0 g, 0.74 mol) in THF-DMF

better yield. To a stirred, cooled (-15 °C ) solution of 3-h

(3:8, 550 ml) was added +~BuOK (91.0 g, 0.81 mol) in one shot. Alfler stirring at -15 °C for 25 minutes, the
mixture was treated with chioromethylmethyi ether (62.2 g, (.77 mol) dropwise over one hour. The mixture

was stirred for another one hour, then gradually warmed to 15 °C. The resulting dark brown tar mixture was
concentrated to remove THF, poured into brine, extracted with ethyl acetate, and washed with HyO (4x) and brine
succesively. The all aqueous layers were combined, extracted with ethyl acetate, and washed with HyO (4x) and
brine succesively. The combined extracts were concentrated, filtered through NapSOjy-silica gel short-pass
column (80% EtOAc / hexane), and concentrated. The residue was distillated under reduced pressure to give 3-

methoxymethoxypyridine (21) (73.0 g, 71.3 %) as a colorless oil (b.p. 66.0 ~ 69.0 °C/4 mmHg); IH NMR (270
Hz

MHz, CDCl3) 3.49 (s, 3H), 5.20 (s, 2H), 7.22 (dd, J = 5.0, 8.6 Hz, 1H), 7.37 (m, I1H), 8 27 (d, J=4.6 Hz,
1H), 8.41 (d, J = 3.0 Hz, 1H); 13C NMR (67.8 MHz, CDCI3) 56.1 (), 94.6 (1), 122.9 (d), 123.8 (d), 139.6
(d), 143.2 (d), 153.5 (s); IR (neat) 2950, 1578, 1480, 1430, 1155, 990, 805, 710 cm-1; EIMS : m/z 139 (M+),

4-Bromo-3-methoxymethoxypyridine (22) To a stirred, cooled (-78 °C) solution of 3-
methoxymethoxypyridine (21) (8.92 g, 64.1 mmol) in EtpO (300 ml) was added 7-BuLi (1.20 M of pentane
solution, 53.0 ml, 63.6 mmol) dropwise. After stirring at -78 °C for 30 minutes, the mixture was treated with a
solution of 1,2-dibromo-1,1,2,2-tetrafluoroethanc (20.0 g, 77.0 mmol) in THF (15 ml) dropwise. The mixture
was stirred for another 20 minutes and gradually warmed to -20 °C. The resulting mixture was poured into HyO,

extracted with CHCI3 (3x), dried over MgSO4 and concentrated. The crude residue was diluted with ethyl

novatate havaoa 79 0 1 &0 a1y Eiltarad thenas b AA QY anTiiim s fes msedine fo et TT Y e

acetate-nexane (< : 1, Ju mij, futered ‘uuuugu MESU4 COIUIMI ifl Order {0 remove v, and concentrated to glvc
"\ e} -~ N ™

This was used lmdeldlCly for the next reaction

because of its instability.; 'H NMR (270 MHZ, CDCl3) 3.55 (s, 3H), 5.30 (s, 2H), 7.51 (d, ] = 5.0 Hz, 1 H),
8.11 (d,J = 5.0 Hz, 1H), 8.45 (s, 1H); 13C NMR (67.8 MHz, CDCI3) 56.6 (q), 95.6 (1), 122.9 (s), 128.2 (d),

138.5 (d), 143.9 (d), 151.0 (s).

4-Methoxy-3-methoxymethoxypyridine (23) To stirred methanol (100 ml) was added a piece of metallic

sodium (10.0 g, 0.43 mol). After the metallic sodium disappeared, the above 4-bromo-3-
methoxym hoxypyndme (22) (14.3 g) in methanol (5 ml) was added carefully into the refluxing NaOMe

solution

F'Q_('D
-

1

he mixture was refluxed for 40 minutes. The resulting mixture was cooled to room temperature,
ey

UllULCU Wlll’l o) 287, qUCHLDCU WlLl'l ury ILC dllU pUﬂfﬁU l[ll() rmu, dl’lU (;‘,Xll'd(,lLU Wl[ﬂ \..I‘ILIJ (_)X) AH extracts
were combined, dried over MgSO4 and concentrated. Silica gel column chromatography (ethyl acetale-hexanc —
ethyl acetate) gave 4-methoxy-3-methoxymethoxypyridine (23) (.82 g, 81.3 %) as a clear oil; H NMR (270
MHz, CDCIl3) 3.54 (s, 3H), 3.92 (s, 3H), 5.23 (s, 2H), 6.83 (d, J = 5.6 Hz, 1H), 8.23 (d, J = 5.6 Hz, 1H),
8.37 (s, 1H); 13C NMR (67.8 MHz, CDCl3) 55.6 (q), 56.4 (q), 96.0 (1), 106.8 (d), 139.0 (d), 143.2 (s), 145.5

(d), 156.0 (s); IR (neat) 2950, 1585, 1515, 1300, 1025, 820 cm!; EIMS : m/z 169 (M*), 140, 124.



3-Hydroxy-4-methoxypyridine-2-carboxylic acid (5) To a stirred, cooled (-78 °C ) solution of 4-
methoxy-3-methoxymethoxypyridine (23) (21.6 g, 128 mmol) in THF (620 ml) was added ¢-BuLi (1.63 M of
pentane solution, 82.0 ml, 134 mmol) dropwise. After stirring at -78 °C for 30 minutes, the mixture was treated
with excess dry-ice in one shot and stirred for another 20 minutes at -78 °C.  Then the mixture was allowed to
warm to room temperature and concentrated. The residue was triturated with EtoO-hexane (2 : 1, 500 ml), and
pale yellow powder was collected and washed with plenty of EtpO-hexane (2 : 1). The powder was dried in
vaccuo to give crude lithium 4-methoxy-3- methoxymethoxypyndme -2-carbaxylate (27 5 g). Then this was

carboxylic acid (5) (20.9 g, 97 %) as a white solid (m.p. 226.0 ~ 227.0 °C);
4.03 (s, 3H), 7.39 (d, J = 6.4 Hz, 1H), 8.03 (d, ] = 6.4 Hz, 1H), 17.04 (br s, 1H); 13C NMR (67.8 MHz,
DMSO-dg) 57.4 (q), 109.2 (d), 126.6 (5), 132.4 (s), 152.5 (s), 162.1 (s), 164.2 (s); IR (KBr) 3450, 2700,
1665, 1600, 1530, 1305, 840, 785 cm-1; MS (FAB) : m/z 170 (M+H)*, 149, 93: Anal. Calcd for C7H7NO4: C:
49.71; H: 4.17; N: 8.28; Found: C: 49.50; H: 4.16; N: 8.26.

Isobutyric acid (35,6S,7R,8R)-3-amino-8-benzyl-6-methyl-4,9-dioxo-[1,5]dioxonane-7-yl
ester [(8)-11 To a stirred solution of (5)-10 (447 me, 0.965 mmol) in dichloromethane (4.0 ml) was added

TS A "a i stirred solul ey as Guavs

trifluoroacetic acid (4.0 ml) dropwise. After stirring at 25 °C for 2 hours, the mixture was concentrated, diluted
with saturaied NaHCO3 aq., exiracied with ethyl aceiaie (2x). The combined exiracis were washed with brine,
dried over MgS504 and concentrated to give crude primary amine, isobutyric acid (35,65,7R,8R)-3-amino-8-
benzyl-6-methyl-4,9-dioxo-[1,5]dioxonane-7-yl ester, {(5)-1] (366 mg, 100 %). This was used for the next
reaction without further purification.

(2R, 3R, 45, 75)-UK-2A To a stirred solution of primary amine ($)-1 (366 mg, 0.965 mmol) and 3-
hydroxy-4-methoxypyridine-2-carboxylic acid (5) (245 mg, 1.45 mmol) in dimethylformamide (3.0 ml) was
added HOBt (235 mg, 1 .74 mmol), EDCI-HCI (333 mg, 1.74 mmol) and N-mPtthmﬂ]nh ne (0.74 ml, 6.76

aaded 1Dt
mmol) encecaccivaly A ftar ctitrino for 10 hanre at 25 °C the mixture wace nonred inta Ha() and extracted with
mme:) SUCCESSIvELY., AUllr SUImng 107 ours at 2 L, W0 MIXWIE was pourca 1nte ;2L anG exracied wiin
At amatas DN ThL A s hinad Aavtennto sxrasma srnohad it ETMNY M) aed leliona Aeind Awras AMM-O0MN PR |
Clllyl altlidl (OA) A1IC COHIDIICU CALldLy WUICO dAdITU WUl 11\ (LA ) 4l ULLNIC, 41icd uvel 1V1‘50U aiiyg

51 % from (8)-10) as a coloriess crystaiiine soiid (m.p. 201.0 ~ 203.0 °C); [ocl 3p +89.29° (¢ 1.008, CHCI3);
IH NMR (270 MHz, CgDg) 0.99 (d, T = 7.0 Hz, 3H), 1.01 (d, J = 7.0 Hz, 3H), 1.12 (d, J = 6.6 Hz, 3H), 2.26
(septet, Y = 7.0 Hz, 1H), 2.77 (dd, J = 3.3, 13.2 Hz, 1H), 2.89 (dt, J = 3.0, 9.9 Hz, 1H), 3.07 (br s, 1H), 3.12
(s, 3H), 3.16 (dd, J = 11.6, 13.2 Hz, 1H), 5.01 (dq, J = 9.6, 6.3 Hz, 1H), 5.06 (m, 1H), 5.19 (m, 1H), 5.43
(t, T =9.9 Hz, 1H), 6.06 (d, J = 5.3 Hz, 1H), 7.05 (m, 1H), 7.12 (m, 4H), 7.71 (d, J = 5.3 Hz, 1H), 8.78 (br
d, T=7.3 Hz, 1H), 12.44(s, 1H); lH NMR (270 MHz, CDCl3) 1.24 (d, 1 = 69 Hz, 6H), 133 (d, ] =6.9 Hz,

3H), 2.63 (septet, J = 6.9 Hz, 1H), 2.71 (brd, J = 10.6 Hz, 1H), 2.94 (dd, ] = 13.2, 11.9 Hz, 1H), 3.01 (t,J
11 1LY

. h 4
concentrated. Silica gel column chromatography (ethyl acetate-hexane) gave (2R, 3R, 45, 75)-UK-2A (253 mg,
9

£ 1LY IIN 2 £1 foen 1IN 204 /o 2NN AQQ 71, T . OQ £ 2 LI 11TV & 17 fen 1EIV K99 ¢+ T - OO0

= 11.J 01Z, ir1), 5.01 \ill, 1x1j. 2.4 \§, Jx1), 4.70 \GU{, v = 7.7, O.0 1172, 101j, J.1/ Ull, I01), J.22 \l, J = 7.7
rrY 1T YL Ll ¥ -4 1TTN £ 00 71 T 2 Y TY 1T -~ 4 /A1 h g £ TY AT TN ~AA . 1T TN ~ NST MNT T ~ NN
Hnz, irl), 5.30 (Im, i), 0.63 4, J = 23,0 N1z, i), /.12 (U, J =0.Y Nz, A1), /.44 (I, 111), /.20 (N, 211}, /.99
- R —— P - - ~ - DV~ mTm Ew - m mww i~ - — - -
(d, J = 5.3 Hz, iH), 8.59 (d, J = 8.2 Hz, iH), 11.78 (s, iH); '"C NMR (67.8 MHz¢, CgDg) 17.74 (Q)y i8.86

(g, 2C), 34.13 (d), 35.08 (v, 50.50 (d), 52.39 (d), 55.19 (q), 65.27 (1), 74.70 (d), 75.28 (d), 109.85 (d),
126.94 (d), 128.81 (d, 2C), 129.20 (d, 2C), 130.49 (s), 138.40 (s), 140.40 (d), 149.96 (s), 155.78 (s), 169.40



(s), 169.98 (s), 171.70 (s), 175.01 (s); 13C NMR (67.8 MHz, CDCl3) 17.86 (q), 18.99 (q, 2C), 34.11 (d),
34.56 (1), 49.94 (d), 51.95 (d), 56.14 (q), 65.21 (1), 74.77 (d), 74.97 (d), 109.70 (d), 126.72 (d), 128.62 (d,
2C), 128.77 (d, 2C), 129.92 (s), 137.86 (s), 140.73 (d), 148.82 (s), 155.42 (s), 168.96 (s), 169.77 (s), 171.77
(s), 175.65 (s); IR (KBr) 3400, 1745, 1650, 1540, 1140, 700 cm-1; FABMS m/z 515 (M+H)*; HRFABMS
Caled. for CogH31N209: 515.2030; Found: 515.2045; Anal. Calcd for Co6H3gN70g: C: 60.69; H: 5.88; N:
5.44; Found: C: 60.57; H: 5.91; N: 5.57.

Tcohntvric acid (IR 6S 7R RR).JI.aminn-8.hanzvli.6.methvl_ 4 O_diava.l1 Sldinvanana_7_vl
ASLDRRLFREL R0R0 WO,V , 7/ 58,088/ B ARV TO TR Ay AT U IRl L A I TRy S TRV AV T Ay JRIVAVIERIITT S Ty
actow [PV 11 Thic wag nranarad feam (PY_ 10 DU maa N AQL mmanl) by tha mranadiaea fae 70) 1 Nenn A
CSiCK puncay  anid was pitpaiCl T (i j-1v («Jv g, v.470 101y oy uiC proceaiic o1 (o j-1.  viud
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priinary 4ainine, lsuuutyrlb dClt {3),00, /1060)-2 d10Xxo0-1 1, Jjult)X()nane- yl es[er

[(R)-1] (209 mg, 100 %) was obtained as a colorless oi

purification.

(2R, 3R, 45, 7R)-UK-2A  This was prepared from (R)-1 (209 mg, 0.496 mmol) and 3-hydroxy-4-
methoxypyridine-2-carboxylic acid (5) (126 mg, 0.745 mmol) by the procedure for (2R, 3R, 45, 75)-UK-2A.
(2R, 3R, 45, 7R)-UK-2A (156 mg, 61 % from (R)-10) was obtained as a colorless crystalline solid (m.p. 233 ~
235 °C); [a]?3p +90.77° (¢ 0.802, CHCIR); 1H NMR (270 MHz, CgDg) 0.89 (d, J = 6.9 Hz, 3H), 091 d, J =

6.9 Hz, 3H), 0.99 (d, J = 5.9 Hz, 3H), 2.16 (scptet, J = 6.9 Hz, 1H), 2.68 (dd, J = 2.6, 13.2 Hz, 1H), 2.8
H (

A YT - 1Y 2N 1LY 1IN 2 NE (- 2ALIN 2 N7 /. 1IIN 2 A (e 1 N AT /. 1 T 17D TT. 11T A ON 7. T

at, 9 = 1U./, 5.U 11z, inj, 3.0J (8, on), 5.U/ {m, inj, 3.45 (m, 10), 4.21 {(bra, J = 12.2 Nz, inj, 4.8U (i, J

= 7.6 Hz, 1H), 4.98 (dgq, J = 9.6, 5.9 Hz, 1H), 5.31 (t, J = 9.6 Hz, 1H), 5.95 (d, J = 5.3 Hz, 1H), 7.03 (m,
5 6

1H), 7.06 (m, 2H), 7.10 (m, 2H), 7.79 (d, J = 5.3 Hz, 1H), 9.36 (br d, J = 8.3 Hz, 1H), 12.61 (s, 1H); IH
NMR (270 MHz, CDClI3) 1.24 (d, ] = 6.9 Hz, 3H), 1.25 (d, J = 6.9 Hz, 3H), 1.30 (d, J = 6.3 Hz, 3H), 2.64
(septet, ] = 6.9 Hz, 1H), 2.71 (d, J = 10.6 Hz, 1H), 2.99 (dd, J = 13.5, 11.5 Hz, 1H), 3.04 (t, J = 11.9 Hz,
1H), 3.96 (s, 3H), 4.26 (m, 1H), 4.82 (br d, J = 11.6 Hz, 1H), 4.97 (m, 1H), 5.00 (t, J = 6.9 Hz, 1H), 5.25
(t, J=9.6 Hz, 1H), 6.92 (d, ] = 5.3 Hz, 1H), 7.13-7.32 (m, 5H), 8.15 (d,J = 5.3 Hz, 1H), 8.92 (brd, J = 8.9

(q), : ), 3 ,

1 Ky 5 b Fxl 5

52.39 (d\ 54.56 (d), 55 14 (q), 65.90 (), 75.05 (d), 75 14 (d). 109.89 (d). 126.99 (d). 128 81 (d. 2C). 12927
J (L0 P O A 22, g/, B2 BT AR RES TN B, AVILGT (G, 1 L0055 (U, 188,01 (G, 480 ), 1224
(A MY 12N EA (o 1R 2T o) 1AV Q) (AN TR NK (o) TRE AQ o) 1E£T7 07 /oY 1AD0 K& (oY 172 AL oY 1A Q4
Wy, &%), LIUUS (B3, 1I30.37 \3), 19uU.74 \U)J, 1IUVI \§)], 1JJ.U7 \5), 1U/.70 \§), 107.3J \§), 17/3.00 8), 1/4.00
(s); 13C NMR (67 z, CDCl3) 17.68 (q), 18.94 (q), 19.00 (q), 34.13 (d), 34.47 (v), 50.02 (d), 53.91 (d),

56.08 (q), 66.15 (1), 74.57 (d), 75.04 (d), 109.58 (d), 126.74 (d), 128.61 (d, 2C), 128.72 (d, 2C), 130.03 (s),
137.73 (s), 141.17 (d), 148.77 (s), 155.27 (s), 167.49 (s), 168.79 (s), 173.44 (s), 175.74 (s); IR (KBr) 3350,
1750, 1650, 1580, 1530, 1325, 1145, 1065, 1030, 850 cm-1; FABMS m/z 515 (M+H)*; HRFABMS Calcd. for
C26H31N209: 515.2029; Found: 515.2020.

(3R,4R,55)-3-Benzyl-4-(tert-butyldimethylsilanyloxy)-5-methyldihydrofuran-2-one (11) A
was left at 25 °C for 3 days.

=

solution of hydroxy ester 14 (164 mg, 0.312 mmol) in dichloromethane (6.0

Than tha mivtnrs wac rancantratad and nurifiad hy cilira rynl ravlinmn chramatnaranhy thavana_athyl ratatal tn
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EIVE LORLS0,00 )-2~DCILYI=G-ULET I-DULY IULIICUL Y IDALL YIUX Y ) =0 -1HCULY IUIN YUTOLUL A= 2-0OHC (11 ) \OU I1I1E, O 70) dN 4

colorless crystalline solid.

(3R,4R,55)-3-Benzyl-4-hydroxy-5-methyldihydrofuran-2-one (24) vy-Lactone 11 (66.6 mg, 0.216

mmol) was treated with (HF-pyridine complex)-pyridine-THF (5 : 3 : &, 2.0 ml) at room temperature and stirred



uniil ¥-lactone 11 disappeared (ca. I hour). The mixture was diluted with ethyl acetate, dropped into a stirred
saturated NaHCO3 aq., and extracted with ethyl acetate (2x). The combined extracts were washed with brine,
dried over MgSQOy4 and concentrated. Silica gel column chromatography (ethyl acetate-hexane) gave (3R,4R,55)-
3-benzyl-4-hydroxy-5-methyldihydrofuran-2-one (24) (37.8 mg, 90 %) as a colorless crystalline solid (m.p.
51.0 ~ 52.0 °C); [0}25p -91.0° (¢ 0.50, CHCI3); 'H NMR (270 MHz, CgDg) 0.96 (d, J = 6.3 Hz, 3H), 2.12 (d,

ES 9 9N o= 4

(25,3R,4R)-Isobutyric acid 4-benzyl-2-methyl-5-oxo-tetrahydrofuran-3-yl ester (25) This was
prepared from y-Lactone 25 (100 mg, 0.49 mmol) by the procedure for isobutyryl ester (5)-10. (25,3R,4R)-
Isobutyric acid 4-benzyl-2-methyl-5-oxo-tetrahydrofuran-3-yl ester (25) (115 mg, 85 %) was obtained as a
colorless oil; [@]?5p -16.2° (¢ 1.01, CHCI3)33; IH NMR (270 MHz, CDCl3) 1.01 (d, J = 6.9 Hz, 3H), 1.06 (d,
J =69 Hz, 3H), 1.16 (d, J = 6.6 Hz, 3H), 2.37 (septet, J = 6.9 Hz, 1H), 298 (dd, ] = 129, 7.9 Hz, 1H)

3.06 (m, 1H), 3.26 (dd, J = 12.9, 4.3 Hz, 1H), 4.29 (qd, J = 6.6, 5.0 Hz, 1H), 4.95 dd, J=59,50Hz,
1H), 7.18-7.35 (m, 5H); 13C NMR (67.8 MHz, CDCl3) 18.5 (1)), 18.6 (4), 18.8 (q), 33.5 (d), 34.6 (1), 48.3
(d), 77.4 (d), 79.3 (d), 127.0 d, 2C), 129.2 (d, 20), 137.1 (s) 175.2 u), 176.2 (s); IR (neat) 2990,

Ci6H2104: 277.1439; Found: 277 451.

(25)-3-Hydroxy-2-[(3-hydroxy-4-methoxypyridine-2-carbonyl)-amino]-propanoic acid methyl

ester [(§)-26] This was prepared from L-serine methyl ester hydrochloride (1.1 g, 7.08 mmol) and 3-

hydroxy-4-methoxypyridine-2-carboxylic acid (5) (1.0 g, 5.9 mmol) by the procedure for (2R, 3R, 45, 75)-UK-
L )

gave (25)-3-hydroxy-2-[(3-hydroxy-4-mecthoxypyridine-2-carbonyl)-amino]-propanoic acid methyl ester [(S)-
26] (450 mg, 28 %) as a colorless crystalline solid (m.p. 124.0 ~ 125.0 °C); [01]27p +29.00° (¢ 0.443, CHCIL3);
PN 3.95 (s, 3F

( iHz, CDCl3) 1.02 (br s, 1H), 3.84 (s, 3H). 3.95 (s, 3H), 4.11 (m, ZH), 4.81 (dt, 1 =7.9, 4.0
Hz, 1H), 6.87 (d, ] = 5.3 Hz, 1H), 798 (d, ] = 5.3 Hz, 1H), 8.75 (br d,J =7.6 Hz, 1H), 1195 (s. 1H); 13C
NMR (67.8 MHz, CDCl3) 52.9 (q), 54.2 (d) 56.1 (@), 63.1 (1), 109.5 (d), 130.2 (s), 140.7 (d), 148.7 (s),
155.4 (s), 169.2 (s), 170.3 (s); IR (KBr) 3400, 3150, 1750, 1630, 1550, 1300, 1220, 820, 785, 740 cm-!;
FABMS m/z 271 (M+H)*, 241, 185, 149; Anal. Calcd for C11H14N70¢: C: 48.89; H: 5.22; N: 10.37; Found:
C: 48.68; H: 5.32; N: 10.46.
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nypyrlumc—z LerUX)’IlL acid )l K¢ g,2.Y rnmm) Dy the procedure

L

hydroxy-4-m
2A. Silica gel column chromatography (ethyl acetate-hexane) followed by re-crystalization (ethyl acetate-hexane)
gave (2R)-3-hydroxy-2-|(3-hydroxy-4-methoxypyridine-2-carbonyl)-amino]-propanoic acid methyl ester [(R)-
26] (534 mg, 33 %) as a colorless crystalline solid (m.p. 123.0 ~ 125.0 °C); [a]?7p -29.72° (¢ 1.006, CHCI3);



1H NMR (270 MHz, CDCl3) 2.94 (br s, 1H), 3.83 (s, 3H). 3.98 (s, 3H), 4.11 (m, 2H), 4.81 (dt, J = 7.6, 3.6
Hz, 1H), 6.86 (d, J = 5.3 Hz, 1H), 7.97 (d, J = 5.3 Hz, 1H), 8.74 (br d, J = 7.9 Hz, 1H), 11.95 (s, 1H); 13C
NMR (67.8 MHz, CDCl3) 52.9 (q), 54.3 (d), 56.1 (q), 63.0 (1), 109.5 (d), 130.1 (s), 140.6 (d), 148.6 (s),
155.3 (s), 169.1 (s), 170.3 (s); IR (KBr) 3400, 1750, 1540, 1520, 1300, 810, 790 ¢cm-1; FABMS m/z 515
(M+H)*; HRFABMS Calcd. for CyjH14N7Og: 271.0930; Found: 271.0925: Anal. Caled for C11H4N2Og: C:
48.89; H: 5.22; N: 10.37; Found: C: 48.87; H: 5.16; N: 10.35.

) UK
from (S) 10) obtained as a colorless crystalline solid (m.p. 179 0~ 182 C), [a}?5p +
CHCI3); 'H NMR (270 MHz, CgDg) 0.95 (d, J = 6.9 Hz, 3H), 0.97 (d, J = 6.9 Hz, 3H), 1.07 (d, J = 6.3 Hz,
1H), 2.16 (septet, J = 6.9 Hz, 1H), 2.72 (dd, J = 3.3, 13.5 Hz, 1H), 2.89 (ddd, J = 3.3, 10.2, 11.2 Hz, 1H),
299 (br s, 1H), 3.11 (dd, J = 11.5, 13.2 Hz, 1H), 495 (dg, J = 9.9, 6.3 Hz, IH), 5.01 (m, 1H), 5.13 (m,
1H), 5.38 (t, ] = 9.9 Hz, 1H), 6.51 (dd, J = 4.3, 8.6 Hz, 1H), 6.88 (dd, J = 1.3, 8.6 Hz, 1H), 7.00 (m, 1H),
7.08 (m, 4H), 7.65 (dd, J = 1.3, 4.3 Hz, 1H), 8.55 (br d, J = 7.6 Hz, 1H), 12.14 (s, 1H); 13C NMR (67.8

MHz, C¢Dg) 17.71 (q), 18.82 (q), 18.89 (q), 34.11 (d), 35.08 (1), 50.43 (d), 52.39 (d), 65.16 (1), 74.78 (d),

75.24 (d), 126.01 (d), 126.96 (d), 128.83 (d, 2C), 128.97 (d), 129.20 (d, 2C), 131.11 (s), 138.39 (s), 139.63
(s), 158.46 (s), 168.90 (s), 169.94 (s), 171.72 (s), 175.03 (s); IR (KBr) 3450, 2950, 1745, 1650, 1535, 1450,
1140, 700 cm" FABMS m/z 485 (M+H)*, 461, 425, 277, 185; HRFABMS Calcd. for Cy5H29N-2Og
485.1941; Found: 485.1924; Anal. Calcd for Cys5HpgN7Og: C: 61.98; H: 5.82; N: 5.78; Found: C: 62.09; H
5.99; N: 5.85.

(2R, 3R, 45, 7R)-UK-3A This was prepared from (R)-1 (67.2 mg, 0.17 mmol) and 3-hydroxypicolinic
acid (36 mg, 0.26 mmol) by the procedure for (2R, 3R, 45, 75)-UK-2A. (2R, 3R, 45, 7R)-UK-3A (72.3 mg,
90 % from (R)-10) was obtained as a colorless crystalline solid (m.p. 193.0 ~ 196.0 °C); []25p +87.5° (¢
0.304, CHCI3); 'H NMR (270 MHz, CgDg) 0.87 (d, I = 6.9 Hz, 3H), 0.90(d, J = 6.9 Hz, 3H), 1.00 (d, J =
6.3 Hz, 1H), 2.16 (septet, J = 6.9 Hz, 1H), 2.67 (dd, J = 3.0, 12.2 Hz, 1H), 2.89 (dt, J = 3.0, 12.2 Hz, 1H),

10 v 114 AR5 J

3.05 (t, J = 12.2 Hz, 1H), 3.43 (m, 1H), 4.18 (br d, J = 12.2 Hz, IH), 479 (, ] = 7.6 Hz, 1H), 498 (m, 1H),
530 (t, J = 9.9 Hg, 1H), 6.48 (dd, J = 4.3, 8.6 Hz, IH), 6.88 (dd, J = 0.7, 8.6 Hz, 1H ) 6.97-7.21 (m, 4H),
7.82 (d, J = 4.3 Hz, 1H), 9.24 (br d, J = 8.2 Hz, iH), i2.4 (s, ')1C"MR(6'78 Hz, CgDg) 17.54 (q),

18.71 (q), 18.84 (q), 34.06 (d), 35.03 (1), 52.37 (d), 54.52 (d), 65.83 (1), 75.10 (d, 2C), 125.92 (d), 127.01
(d), 128.81 (d, 20), 128.97 (d), 129.20 (d, 2C), 1331.27 (s), 138.33 (s), 140.17 (d), 158.60 (s), 167.86 (s),
169.06 (s), 173.68 (s), 174.85 (s); IR (KBr) 3450 (br), 1750, 1650, 1600, 1530, 1450, 1300, 1250, 1220,
1185, 1145, 1065, 1030 cm-!; FABMS m/z 485 (M+H)*, 461, 369, 277, 185; HRFABMS Calcd. for
CosHy9N2Og: 485.1941; Found: 485.1958; Anal. Caled for Ca5HygN70g: C: 61.98; H: 5.82; N: 5.78; Found:
C: 61.89; H: 5.87; N: 5.70.

R,SR} 8-be :yl 3- (3
methyl-4,9-dioxo-[1,5]dioxonane-7-yl ester (27)  This was prepared from (75)-1 (228 mg, 0.628
mmol) and 3-formamidosalicylic acid (171 mg, 0.942 mmol) by the procedure for (2R, 3R, 45, 75)-UK-2A.
Isobutyric acid (35.,65,7R,8R)-8-benzyl-3-(3-formylamino-2-hydroxybenzoylamino)-6-methyl-4.9-dioxo-
[1,5]dioxonane-7-yl ester (27) (144 mg, 44 % from (5)-10) was obtained as a colorless crystalline solid (m.p.
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123.0 ~ 125.0 °C); {@]>3p +97.6° (¢ 0.53, CHCl3); 'H NMR (270 MHz, CDCl3) 1.25 (d, J = 6.9 Hz, 6H), 1.33
(d, J = 6.3 Hz, 3H), 2.64 (m, 1H), 2.73 (m, 1H), 2.97 (m, 2H), 3.63 (br s, 1H), 5.01 (m, 1H), 5.23 (m, 1H),

5.30 (m, 1H). 5.47 (br t, J = 9.2 Hz, 1H), 6.86 (t, J = 7.9 Hz, 1H), 7.08-7.38 (m, 6H), 8.09 (br s, 1H), 8.50
(br s, 1H), 8.52 (d, J = 9.2 Hz, 1H), 12.60 (s, 1H); 13C NMR (67.8 MHz, CDCl3) 17.7 (g), 18.9 (g, 2C), 34.1
(d), 34.5 (1), 50.7 (d), 52.0 (d), 65.6 (1), 74.8 (d), 75.1 (d), 112.4 (s), 118.8 (d), 120.2 (d), 124.7 (d), 126.7
(d), 127.3 (s), 128.6 (d, 2C), 128.7 (d, 2C), 137.7 (s). 150.5 (s), 159.2 (d), 169.5 (s), 170.2 (s), 171.8 (s),
175.7 (s); IR (KBr) 3400, 2970, 1752, 1682, 1640, 1535, 1140, 750, 700 cm-!; FABMS m/z 527 (M+H)*,
461, 369, 277, 185; HRFABMS Calcd. for Ca7H3;N2Og: 527.2030; Found: 527.2035.
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0
(28) (128 mg, 66 % from (5)-10) was obtained as a colorless crystalline mhd (m.p. 78 ~ 83 °C); [a]25p +94.9°
(c 0.1, CHCI3); IH NMR (270 MHz, CDCl3) 1.24 (d, ] = 6.9 Hz, 6H), 1.33 (d, J = 6.3 Hz, 3H), 2.63 (septet,
J =69 Hz, 1H), 2.70 (br d, J = 11.2 He, 1H), 2.88-3.04 (m, 2H), 3.60 (m, 1H). 3.90 (s, 3H), 5.00 (dq, J =
9.6, 6.3 Hz, 1H), 5.22 (1, J = 9.6 Hz, 1H), 5.13-5.26 (m, 1H). 5.46 (m, 1H), 6.85 (t, J = 7.6 Hz, 1H), 7.00
(d, J =7.6 Hz, 1H), 7.10-7.30 (m, 5H), 7.45 (br d, J = 6.6 Hz, 1H), 10.76 (br s, 1H); 13C NMR (67.8 MHz,
CDCl3) 17.8 (q), 19.0 (q, 20C), 34.1 (d), 34.5 (1), 51.0 (d), 52.1 (d), 56.2 (q), 66.1 (1), 74.8 (d), 75.0 (d),
114.4 (s), 115.0 (d), 118.5 (d), 118.8 (d), 126.7 (d), 128.6 (d, 2C), 128.8 (d, 2C), 137.8 (s), 148.6 (s), 150.2

140 \U; £

(s), 168.4 (s), 170.3 (s), 171.9 (s), 175.6 (s); IR (KBr) 3400 (br), 1750, 1645, 1585, 1540, 1460, 1365, 1250,

1180, 1140, 1070, 750 cm-!; FABMS m/z 514 (M+H)+: HRFABMS Calcd. for Cp7H33NGo: 514.2077; Found:
1A AN
J14. LU/,
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Though we have postulated it would be reasonable that the enolization process started trom the most stable
conformer of each substrate, there might be a possibility that the transtormation occurred from the less stable
conformer of the starting substrate to the less stable one of the terminal product.

The proton chemical shift at the Cg' position has been reported as § 6.67 ppm.1® However, it was revised as &
7.66 ppm in a private communication from Prof. M, Taniguchi. One of the proton chemical shifts at the Cg
position and the carbon chemical shift at the Cg were not reported in the original paperi‘"' because of the small
amount of natural UK-3A, In the private communication from Prof. M. Taniguchi and Dr. O. Sakanaka, they were
reportcd as 8 3.08 ppm and 8 65.1 ppm, respectively.
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was sought, When the synthesized y-!ac&ene 25 was subiected to the chiral HPLC examinations (Dicel Chiralc
OD-H, OB H and OJ), we detected only one peak in every case. Furthcrmore, the [¢)25p of the synthetic precursor
Y-lactone 24 was completely identical with that of the reported y-lactone 24. From these results along with the
fact that our two starting materials for the C1-C4 segment in the nine-membered dilactone were both chiral, we
believe that the optical purity of our y-lactone 25 is excellent.
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