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ABSTRACT

- o~ 0
—=
structure for trilactone)
An efficient enantioselective route to nonactin using a novel p-inversion of an Evans syn aldol to construct the THF ring is presented.

Through total synthesis, the structure for trilactone proposed in the literature is shown likely to be incorrect.

Nonactin (1) is the simplest member of a large family of [ N R AN

ionophore antibiotics known as macrotetrolides or polynac-
tins generated bytreptomyces griseusubspeciegriseus
ETH A7796 (DSM40695}. These compounds display pro-
nounced antibacteridlinsecticidalf antitumoral and im-
munosuppressiveactivities and therefore have received
considerable attention from synthetic chemists. Up to now,
most synthetic studies on the polynactins (Figure 1) have
been directed toward nonactin, presumably because it hasjgyre 1. General structure of polynactins. For nonacti), (
the highest symmetry and thus requires the minimum R,—R, = Me.

(1) For reviews, see: (a) Keller-Schierlein, W.; Gerlach,Rartschr. workload in synthesis. In this communication, we wish to
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Because nonactin consists of residues of)-(and
(—)-nonactic acids, its synthesis usually starts from the
construction of these two building blocks. In the present

Table 1. Representative Results of the Attempted Cyclization
of 7

work, the stereogenic center at C-8 of the nonactic acids was

derived through a Jacobsen hydrolytic kinetic resolution
(HKR)?® of racemic 2-methyl-oxirane. The epoxide and the
diol obtained in the HKR were used in the synthesis of
(+)- and ()-nonactic acid, respectively, and thus made full
use of the racemic starting material. The C-6 stereogenic
center was established by a MBH(OAc):'° reduction. The
C-2 and C-3 were first generated by a Crimmilmaodifica-
tion of the Evans aldolization as a syn aldol. Then, in a later
step when closing the THF ring, the configuration at C-3
was inverted.

Because th¢g-inversion in the presence of the carbonyl

group has never been reported before and potential risks such E

aso-racemization ang-elimination do exist, to be on the
safe side, we did a model study to check the feasibility of
the s-inversion strategy (Scheme 1) before starting the real
synthesis.

Scheme 1
1,3-Induced
0 OH O OMs reduction
J\zm: w
N T O e N Y N
= = OH OH
B-Inversion

Condensation of aldehyd&? with imide 43 under the
Crimmins conditions led to syn aldblin 75% isolated yield
(Scheme 2). Thes-OH was then converted to the corre-

Scheme 2

sponding mesylate with careful control of the quantity of
the base. The benzyl protecting group was removed by
hydrogenolysis to give the ring-closure precurgor

The ring closure was then examined under a variety of
conditions (Table 1). Despite the precaution to avoid using
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entry conditions (concn of 7, M) outcome
1 EtsN/CHClo/rt/24 h (0.02) no reaction
2 NaH/THF/rt/3 h (0.08) 9 only
3 NaH/THF/—178 °C to rt/1 h (0.08) 9 only
4 NaH/THF/—178 °C to rt/1 h (0.02) 9 only
5 NaH/THF/-178 °C to rt/2 h (0.005) 9 only
6 NaH/THF/—78 to —40 °C/4 h (0.001) no reaction
7 NaHDMS/THF/HMPA/-78 to 9 only
—40 °C/1 h (0.01)
8 NaHDMS/Et;0/—100 °C/1 h (0.07) 9 only
9 t-BuOK/THF/rt/6 h (0.08) no reaction
10 t-BuONa/THF/rt/12 h (0.08) no reaction
pyridine (solvent)/140 °C/6 h (0.05) 8 only
2,6-lutidine (solvent)/120 °C/1 h (0.06) 8 only

2,6-lutidine (solvent)/75 °C/4.5 h (0.04)  no reaction

excess basgj-elimination occurred readily in most cases
(Table 1, entries 25, 7, and 8), giving conjugated alkeBe

as the only product. Finally, we gratifyingly found that the
expected8 was formed cleanly (Table 1, entry 11) when
using pyridine as solvent and running the reaction temper-
ature at 140°C (bath). With 2,6-lutidine, the temperature
could be lowered to 120C (Table 1, entry 12). At even
lower temperature, essentially no reaction took place (Table
1, entry 13).

With a satisfactory means to close the THF ring in hand,
we turned to the synthesis of-J-nonactic acid (Scheme 3).
Deprotonation of the dithiant0** with n-BuLi followed by
reaction with epoxidéd 1° gave alcoholl2in 96% vyield. The
sulfur protecting group was removed with,'? and the
carbonyl group was stereoselectively reduced withNBH-
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1093—1095. (c) Takatori, K.; Tanaka, K.; Matsuoka, K.; Morishita, K.;
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2lawere then converted to aciB and este24a, respec-
tively, and coupled to each other by treatment with DCC/
DMAP to yield dimer 25 (Scheme 4). Part oR5 was

: "

-Buli acetone A
10 2) R NaHCO;  TBSO = Scheme 4
, HO 84% 13 E 0 OH 0 OH
TBSO 96% 12 TBSO 2 » 3 6 W
) ot .
>< O><O ><OMe HO OH g HO A O A 8 HO é H O H 8
9 0  TBAF = OMe o 21a (-)-nonactic acid (+)-nonactic acid 21
90% PPTS 0 BnBr| +BuOK NaH | DMF
16 HO 15TBSO 94% TB1S4° 2% DMF | 879% TBSCI| 65%
0 OH 0 oTBS
Et3Nl(COCI)2/DMSO o o on )J\/Q\/\
. 0 No: HO™ ™
S TiCl,/4 )L = BnO g (0] H TH (0] H
070 3cHO TMEDA O N 3 Y 24a ~ B 23

R : = same as ref 6e) |DMAP/DCC 80%
W 67% — 0><0 ( ) l

. (2 steps) Ph 18 o] -0 oTBS
1) MsCI/EtsN l 2) 2N HCl 60 o W/\
n = Y
ji 0 o) 88% Ho 25 HENE
_Lutidi TsOH | H:0
O ON 1 o } 2,6-Lutidine O)J\ A?:OH j 1020% (same as ref 66) HzJPd-C 99%
—{ = 120 °C/1 h o
Ph

20 HO 90% ' :
Hzozj LIOH 86% ol bo OH HO 207 N
26 g
H

H
0 27
W ChiN, W o Hol 1 omn TBSO_~JoO ©
O TRONTE, Ewo MeO™ THOh I
(+)-nonactic acid 94% 22 (same as ref 6¢) 8@/DMAP
TCBC/EtzN
0
(OAc); to create the stereogenic center at C-6. The two [ X
diastereomers (ca. 17:1) could be cleanly separated on silica OWO%“”
gel. The diol14 was then masked as an acetonide, and the O H Q o
terminal hydroxyl group was freed and oxidized to give the 2o TBso O T
intermediate aldehyd&7, which was immediately treated 28 COzBn
with imide 4 under the Crimmins conditions to give the syn o THF| H,/Pd-C
aldol 18. L
The g-hydroxyl group was then converted to a mesylate. OWO%”” 36h
Using the conditions developed in the model reaction, we P H H Q o 99%
obtained the desired ring-closure prod@étin 90% vyield " Hol HOM -
as expected. On hydrolytic removal of the chiral auxiliary CO,H
with LiOH/H,0,, (+)-nonactic acid21 was obtained. Be- 29
cause théH NMR(dzita for21in the literature were not as (same as ref 6e) Im*
well resolved as those for its methyl ester, we also trans- 3'(\)’!,2'3

formed21to ester22 (94% yield) by treatment with CH\..
We were pleased to find that all spectroscopic data including
optical rotation of este22 were in full consistence with those  deprotected on the hydroxyl group end to afford alcdttl
reported in the literature, further confirming that neither The remainder was subjected to hydrogenolysis to release a
racemization nor elimination—addition occurred during the free carboxylic group. Alcohd6 and acid27 were coupled
construction of the THF ring under the unconventional to give tetrame28. Removal of the benzyl group and the
lutidine conditions. It is interesting to note that later we found TBS group, however, was done in one operation by extending
that the ring closure of mesylai® (neat) could also occur  the hydrogenolysis time to 36 h instead of in two steps as
spontaneously at ambient temperature after 10 days. describef by Fleming and Ghosh. A final Yamaguchi
The (—)-nonactic aci®lawas synthesized in a similar lactonization gave the end product nonadtiim 80% vyield,
fashion and comparable yield, but witB{2-methyl-oxirane with all spectroscopic data in full consistence with those
11a(prepared from the diol generated in the HKR) and the reported® in the literature.
antipode of imide4 in place of epoxidell and 4, respec- In 2004, Rezankaand co-workers reported a novel
tively. nonactin natural analogue trilactoe Because this com-
The remaining steps were done essentially following the pound has never been synthesized up to now, we performed
route described by Fleming and Ghd8fhus, acid®1 and the work outlined in Scheme 5. In the endeavor, the atid
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Scheme 5 Table 2. Comparison of théH NMR Data
@ t-BuOK/BnBr/DMF o oH signals (0) of 2 signals (0) of trilactone (ref 8)
87% — a0 W 1.09 (d, J = 7.0 Hz, 9H) 1.10 (dd, J = 2.7, 6.7 Hz, 9H)
n T A0 8 1.26 (d, J = 6.3 Hz, 9H) 1.25 (d, J = 6.4 Hz, 9H)
0, ] ) el »
z/ DMAP DCC 82% 2 1.68—1.42 (m, 6H) 1.40 (m, 3H)
OTBS 1.48 (ddd, J = 14.0, 11.3, 3.4 Hz, 3H)
m/\ 1.63 (m, 3H)
95% 'T*%/LC 1.85—1.70 (m, 6H) 1.80 (ddd, J = 14.0, 12.1, 3.5 Hz, 3H)
s 2.00—1.90 (m, 6H) 1.82 (m, 3H)
1.98 (m, 3H)
EtN 23/DMAP 2.44 (quint, J = 7.3 Hz, 3H) 2.57 (dq, J = 9.8, 6.7 Hz, 3H)
90% TCBC W\ 3.88 (tt,J = 5.2, 8.2 Hz, 3H) 3.90 (m, 3H)
3.95 (quart, J = 6.9 Hz, 3H) 4.01 (dddq, J = 10.0, 9.8, 7.0,

2.7 Hz, 3H)

% 4.94 (sext, J = 6.3 Hz, 3H)  4.90 (ddq, J = 11.3, 6.4, 3.5 Hz, 3H)
)J\/Q\L oTBS
Pd-C /K/D\/\

THF 98% confirming that the structure previously proposed for trilac-
tone is likely incorrect.

In brief, a new total synthesis of nonactin has been

The structure proposed developed. R)- and §)-2-methyl-oxirane obtained from
for trilactone (reference 8)

Jacobsen HKR of the racemate were utilized to construct
the C-8 stereogenic center of (+)- and (—)-nonactic acid,
respectively. The C-6 configuration was established through
a 1,3-asymmetric reduction. The C-2/C-3 stereogenic centers
were introduced by a Crimmins modification of the Evans
aldolization followed by g-inversion when forming the THF
ring. Such a transformation with the leaving group at the
carbong to a carbonyl group (which made the substrate labile
to such side reactions asracemization ang-elimination),

to the best of our knowledge, has never been reported before.
Finally, through total synthesis, the structure previously
was first converted to its benzyl este4 by treatment with proposed for trilactone is shown likely to be incorrect.
t-BuOK/BnBr, which was coupled with aci2i3 to yield the
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