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Total Synthesis of (-)-Macrolactin A
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In 1989 Fenical et al. reported the isolation and planar 0,C(CH,),COH

structures of macrolactins-AF, highly unsaturated macrolides
produced in culture by a taxonomically unclassifiable deep-sea oTES
bacteriumt The parent aglycon«)-macrolactin A ), inhibits /\/\/S,,Bu X
Herpes simplextype | and type Il viruses with 16 values of /\/'\/\»\ // N ’ /l
5.0 and 8.3ug/mL; comparison with its cytotoxicity against
the carrier cell lines Hep-2 and MA-104 indicates a potential
therapeutic index range of #A00! In addition, 1 blocks
replication of B16-F10 murine tumor cells in vitro @6£3.5
ug/mL). Most importantly, macrolactin A protects human
T-lymphoblasts against the HIV-1 virus, with optimum ef-

fectiveness observed at 1@/mL.! )
The relative and absolute stereochemistries of macrolactins _AS our point of departure, asymmetrlc allylation of proparg-

B and F were subsequently assigned via a combination of Y! aldehyde g, Scheme 2) with{)-B-allyl(diisopinocampheyl)-
13C-NMR analysis, degradation, and chemical correlatihe borané furnished know# alcohol (-)-3 in 90% ee, as
extreme scarcity of the natural material has precluded elucidationd€términed by optical rotation and Mosher ester anawml%r

of the three-dimensional architecture of macrolactin A, although Protection as the TBSdrt-butyldimethylsilyl) ether )-4,#

it has reasonably been assumed that the identical configurationie'ecuVe ozonolysid and chromium(l)-mediated one-carbon

of congeners B and F are maintained throughout the macrolactin/'0mologatiof affordedE vinyl stannane £)-A'2 as a single
family (Scheme 13. isomer in 20% overall yield fror2. Palladium-catalyzed Stille

The current unavailability of macrolactin A from fermenta-  €r0Ss-coupling with4)-3-iodopropenoic acicR)'* then installed
tion 2 juxtaposed with its potential importance in combating the € reqms_ndg,z diene (72% yield); palladium-catalyzed hydro-
AIDS epidemic, confronts the synthetic community with a Stannylatiod® (65%) completed construction of the C(g)
challenge of considerable importarfée In this paper we report ~ ragment (-)-AB.
the first total synthesis of)-1. We note in advance that our

OH
OPIv

TBSO!' Bu;,Sn

Teso“

- ) . . ; Scheme 2
approach is both concise and versatile, exploiting Stille cross- 0 1) ()pc,BAlyl oR
. r L . 20Ally )

coupling$ for stereospecific construction of the three diene /l( Et,0, -78 °C; /l\/\ 3) Oy, CH,Cl5; DMS
moieties and closure of the 24-membered macrocyclic Fing. & M THO,NaOH Z Y B b

From the retrosynthetic perspective (Scheme 1), we envi- ) 2)TBscl [~ (3. R=H THF
sioned cleavage at C(9,10) and at the lactone linkage to generate imid, OMF L_ (). p-Tas (4272 SoPS)
advanced subtargefsB and CD; assembly of the macrolide (49%, 2 steps)
would then entail Mitsunolsicoupling and Stille macrocycliza- orBs 5) "1 B oTes
tion. Similaro-bond disconnections of the remaining diene units S_SnBu N N
led to Stille coupling partnerd plus B andC plusD. ~Z ¢ Pdclz(MeCN)e BugSn

zZ DMF (72%) P o
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Scheme 3
oT8S 1) O3, CH,Cl; DMS 1850 o) 4) Aq HF, MeCN
B 2) Allyl bromide, Zn B (80%)
///\/\ NH,CI, THF X 5) Me,NHB(OAc),
(75%, 2 steps) AcOH, MeCN
3) Dess-Martin [O 95%
(+)-4 ) 6%) [0] +)5 (95%)
7) O, CH,Cl,;
NaBH,, EtOH (74%)
RO 8) PdCly(PPhy),
- n-BusSnH, CH,Cly;
RO" X 15 (88%)
6) TBSOTf
) 26-Lut (+)-6, R=H (+)-C

CH,Cl, (+)-7, R=TBS

(92%)

was elaborated via hydroxyl protection (TBSO¥¥)selective
ozonolysis, reduction (NaB#f| hydrostannylation [PdgPPh),,
n-BusSnH], and tin-halogen exchange Xl CH,Cl,). The
overall yield for the eight-step sequence was 29%.
SubunitD derived from §-(+)-1-heptyn-6-ol 8).2? Fol-
lowing protection of the hydroxyl (PivCl), hydrostannylation
[n-BusSnH, AIBN (2,2-azobisisobutyronitrile)] generated the
vinyl stannanéd'?2in 49% overall yield as an inseparable 4.1:1
mixture of E andZ isomers (Scheme 4). Stille coupling with
(+)-C [PACkL(MeCN),, DMF] then furnishedE,E diene (t)-
9l2agfter flash chromatography (63%). Desdartin oxidation,
Wittig olefination [(PRPCHI)I, NaHMDS (sodium hexameth-
yldisilylazide), HMPA, THF]2® and reductive removal of the
pivalate (DIBAL) afforded theZ vinyl iodide (+)-CD,*? the
C(10-24) subtarget, in 49% yield for the three steps.

1) PivCl, pyr OPiv

Scheme 4
CH,Cl, (95%)
2) n-BuaSnH, AIBN

OH
X
\\/rk (52%) BusSn_~

(+)-8 OH D

3) PdCl,(MeCN), OPiv

DMF, (+)-C

(63%) TBSO'

I~ F
(+)-9

TBso™"

4) Doss-Martin [O] (83%) ||
5) (PhgPCHal)l, NaHMDS
HMPA, THF (76%)
6) DIBAL, CH,Cl,
(78%)

OH

TBSO'

TBSO" NP NF

(+)-CD
With fragmentsAB andCD in hand, we turned to assembly
of the macrolide (Scheme 5). Mitsunobu esterification @&Ph
DEAD (diethyl azodicarboxylate), §€ls) smoothly yielded the
Stille precursor )-10'22in 74% yield. Palladium-catalyzed
ring closuré (Pddba, NMP (N-methyl-2-pyrrolidinone), DI-
PEA) did generate)-1122but the reaction was plagued both

by long reaction times (7 days) and modest efficiency (ca. 42%

yields). At this juncture, we decided to interchange the C(9)
and C(10) vinylic functionalities and also to replace the
tributyltin moiety with a more reactive trimethylstannyl group
(Scheme 6). Thus, tinhalogen exchange I CH,Cl,) con-
verted (+)-AB to the vinyl iodide ()-12 in 77% vyield, and
iodide CD afforded theZ vinyl stannane)-13%22[(MesSn),
Pcdba, NMP, 64%F* with complete retention of stereochem-
istry. Mitsunobu esterification (74% vyield) and palladium-

(20) (a) Evans, D. A.; Chapman, K. T.; Carreira, E. 84.Am. Chem.
So0c.1988 110,3560. (b) Gribble, G. W.; Nutaitis, C. Porg. Proc. Prep.

Int. 1985 17, 317.

(21) The anti stereochemistry was confirmed B¢ chemical shift
analysis of the derived acetonide. See: (a) Rychnovsky, S. D.; Skalitzky,
D. J. Tetrahedron Lett199Q 31, 945. (b) Evans, D. A.; Rieger, D. L,;
Gage, J. Rlbid. 199Q 31, 7009.

(22) Millar, J. G.; Oeschlager, A. d. Org. Chem1984 49, 2332.

(23) Stork, G.; Zhao, KTetrahedron Lett1986 25, 508.
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Scheme 5
oTBes
(+)-AB BusSn” X
PhyP, DEAD
PhH (74%)
(+)-cD

Pd,dbas, NMP

DIPEA, 1, 7 days
(42%)

(-1
catalyzed ring closure then providee)¢11 in only 5 h; the
yield was 50%.
All that remained was unmasking df by removal of the
three silyl protecting groups; however, this proved to be no

simple task! Exposure of—<)-11 to a variety of acidic or
strongly basic conditions led predominantly to decomposition.
Eventually, desilylation was achieved with TBAF (tetrabutyl-
ammonium fluoride) in acetic adé (7 days, Scheme 6),
furnishing )-macrolactin A () in 37% yield after flash
chromatography (silica, 10% CHgMeOH). The 500 MHz

IH NMR and 125 MHZ3C NMR spectra, high-resolution mass
spectrum, and optical rotation of syntheti€)¢1 were identical
with the data reported for the natural prodeft.

Scheme 6
X
oTBS 3) PhyP, DEAD
OH PhH (74%)
A + —_—
X7 \ 4) Pdydbag

oPon B0 NMP, DIPEA

P 1, 5h (50%)

850"
(+)-AB, X = SnBug 2) Pd,dbag
#-12, X=1

(+)-CD, X=1
(+)-13, X =SnMe;

1) I, CH,Cl,

(77%) (Me3Sn),

(64%)

oTBS

o 5) TBAF/ACOH
lllialiacacind

. THF, 7 days
" (37%)

(-)-11 (-)-MACROLACTIN A (1)

In summary, the first total synthesis of-J-macrolactin A

(1) has been designed and executed. The cornerstone of the
successful strategy was the use of palladium-catalyzed Stille
cross-couplings for stereocontrolled installation of the diene
moieties and macrocyclization. The highly convergent route,
with the longest linear sequence containing 17 steps, should
offer access to a variety of potentially bioactive analogs. The
synthesis also confirmed the relative and absolute stereochem-
istry of macrolactin A2
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