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Platensimycine: presentation
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Isolated from Streptomyces platensis, in 2006, by 
Merck (JACS 2006, 11916)

Novel and potent broad spectrum Gram-positive 
antibiotic
Found by high-throughput screening of 250 000 
microbial extracts



Platensimycine : structure
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Apolar, complex pentacyclic core 

Very polar unusual side chain, amide link
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1st Synthesis: Nicolaou

ACIE 2006, 7086

of the structure of platensimycin, we undertook the total
synthesis of this newly discovered antibiotic. Herein we report
the first total synthesis of this potentially useful molecule in
racemic form.

Platensimycin consists of an unusual 3-amino-2,4-di-
hydroxybenzoic acid polar domain linked through an amide
bond to a relatively lipophilic, compact, pentacyclic ketolide
structural motif, and thus presents an intriguing synthetic
challenge. While the amide bond provides an apparent and
reasonable site for coupling the two rather disparate frag-
ments, the construction of the two domains is less predictable,
despite the many possibilities that can be imagined. Scheme 1
shows the retrosynthetic analysis of one such possibility. Thus,
disconnection of the amide bond reveals two subtargets: the
aromatic amine 2 and the carboxylic acid 3. The acid 3 can
then be disconnected to remove the propionate and methyl
substituents, leaving the cagelike core of the target molecule,
compound 4, as the next subtarget. Of the many disconnec-
tions possible for the further retrosynthesis of 4, the one
involving cleavage of the ether bond to leave a tertiary
carbocation synthon, followed by rupture of the carbon–
carbon bond adjacent to the generated secondary alcohol to
reveal a spirocyclic cyclohexadienone (see structures 4 and 5,
Scheme 1) appealed to us because of its potential expediency.
The proposed synthetic sequence at this juncture would
involve selective generation of a ketyl radical from the
corresponding aldehyde, stereoselective conjugate addition of
the carbon-centered radical onto one side of the bis-enone,
and regioselective ether formation between the hydroxy
group of the resultant secondary alcohol and the proximal
exo-methylene group to give the desired cagelike structure.
The substrate for this key step, the spirocyclic cyclohexadiene
6, can then be further disconnected to reveal the simple enyne
7 as a potential precursor.

The synthesis of the pentacyclic carboxylic acid 3 began
with the preparation of enone 11 from 8[3] in a manner
analogous to that recently employed by Hayashi et al. ,[4] and
proceeded as shown in Scheme 2. Thus, sequential alkylation
of 8 with allylic bromide 9[5] (LDA, 92%) and propargyl

Scheme 1. Structure and retrosynthetic analysis of platensimycin (1).
MOM=methoxymethyl, TBS= tert-butyldimethylsilyl.

Scheme 2. Construction of the pentacyclic carboxylic acid 3. Reagents
and conditions: a) LDA (1.2 equiv), 9 (1.5 equiv), THF, !78!22 8C,
6 h, 92%; b) LDA (1.4 equiv), propargyl bromide (3.0 equiv), THF,
!78!22 8C, 13 h, 97%; c) DIBAL-H (1.2 equiv), toluene, !78!
!20 8C, 2 h; then MeOH, 2n aq HCl, !20!22 8C, 2 h; d) TBSCl
(1.2 equiv), imidazole (3.0 equiv), DMF, 22 8C, 20 min, 84% (two
steps); e) [CpRu(MeCN)3]PF6 (0.02 equiv), acetone, 22 8C, 1.5 h, 92%,
1:1 diastereomeric mixture; f) LiHMDS (2.0 equiv), TMSCl (1.5 equiv),
THF, !78 8C, 2 h; g) Pd(OAc)2 (1.1 equiv), MeCN, 22 8C, 1.5 h, 68%
(two steps); h) 1n aq HCl/THF (1:1), 22 8C, 2 h, 85%; i) SmI2 (0.1m in
THF, 2.2 equiv), HFIP (1.5 equiv), THF/HMPA (10:1), !78 8C, 1 min,
46%, ca. 2:1 d.r. ; j) TFA/CH2Cl2 (1.8:1), 0 8C, 1.5 h, 87%; k) KHMDS
(0.5m in toluene, 1.5 equiv), MeI (8.0 equiv), THF/HMPA (5:1),
!78!!10 8C, 2 h, 88%; l) KHMDS (0.5m in toluene, 4.0 equiv), allyl
iodide (8.0 equiv), THF/HMPA (5:1), !78!!10 8C, 2 h, 79%; m) 18
(6.0 equiv), 17 (0.25 equiv), CH2Cl2, 40 8C, 6 h, 85%, ca. 6:1 E/Z ;
n) Me3NO (5.0 equiv), THF, 65 8C, 2 h, 95%; o) NaClO2 (3.0 equiv), 2-
methyl-2-butene (10 equiv), NaH2PO4 (5.0 equiv), tBuOH/H2O (1:1),
22 8C, 15 min, 95%. Cp=cyclopentadienyl, Cy= cyclohexyl, DIBAL-
H=diisobutylaluminum hydride, DMP=Dess–Martin periodinane,
HFIP=1,1,1,3,3,3-hexafluoropropan-2-ol, HMDS=hexamethyldisil-
azide, HMPA=hexamethylphosphoramide, LDA= lithium diisopropyl-
amide, Mes=mesityl=2,4,6-trimethylphenyl, TFA= trifluoroacetic
acid, TMS= trimethylsilyl.
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bromide (LDA, 97%) afforded the bis-alkylated enone 10 as
a single regioisomer. Reduction of 10 using DIBAL-H
followed by acidic hydrolysis and reintroduction of the TBS
ether gave enone 11 in 84% overall yield. Cycloisomerization
of 11 was achieved by using the method of Trost et al. , which
involved exposure of the substrate to the catalyst [CpRu-
(MeCN)3]PF6 in an acetone solution[6] to give spirocycle 12 in
92% yield as an inconsequential 1:1 mixture of diastereoiso-
mers. The bis-enone 13 was then generated from mono-enone
12 through the oxidation (Pd(OAc)2) of the intermediate
TMS enol ether (LiHMDS, THF, !78 8C) in 68% overall
yield.[7] Finally, the anticipated aldehyde 6 was
unmasked by acidic hydrolysis of the TBS enol ether
in 85% yield.

Rapid addition of a solution of the single-electron
reductant samarium(II) iodide[8,9] to a dilute, solution
of 6 and HFIP in THF/HMPA (10:1) at !78 8C,
followed by immediate quenching with saturated
aqueous NH4Cl solution, gave an approximately 2:1
mixture (as indicated by 1H NMR spectroscopy) of
secondary alcohol 14 and its diastereoisomer in 46%
combined yield. Treatment of this inseparable mixture
with TFA led to smooth etherification, thus reflecting
the proximity of the hydroxy group of the desired
diastereoisomer to the exocyclic olefin, and thereby
gave the cagelike structure 4 in 87% yield based on the
quantity of the correct isomer of 14 present. The
undesired alcohol diastereoisomer was recovered
unchanged from the etherification reaction. It was surmised
from these experiments that the major isomer generated in
the SmI2-mediated cyclization reaction had the desired
stereochemistry (14, Scheme 2). The conversion of 6 into 4
could also be achieved in a single reaction vessel by quenching
the excess SmI2 with oxygen at!78 8C followed by addition of
TFA to the resulting mixture and stirring at ambient temper-
ature. This one-pot procedure allowed the isolation of 4 in
around 25% overall yield, and streamlines to some extent this
segment of the synthetic sequence. The required alkyl
substituents adjacent to the carbonyl group were then
stereoselectively and efficiently installed by treatment of 4
with KHMDS and MeI (88%) followed by KHMDS and allyl
iodide (79%). In each case, the diastereomeric products were
undetectable (< 2%) in the crude reaction mixture by
1H NMR spectroscopy. The use of allyl bromide in the
second alkylation gave lower yields of 16, accompanied by
significant quantities of the O-alkylated isomer. The excellent
stereocontrol observed in the alkylation sequence is ration-
alized by inspection of molecular models of ketones 4 and 15,
in which the rigid cage structure effectively shields the top
face of the corresponding enolate. The conversion of terminal
olefin 16 into the required carboxylic acid 3 was carried out
through two different pathways, both involving aldehyde 20.
In the first case, hydroboration of 16 gave a diol (resulting
from concomitant 1,2-reduction of the enone), which could be
oxidized to give aldehyde 20 using excess Dess–Martin
reagent[10] in CH2Cl2 (ca. 40% from 16). The disappointing
yield of this sequence and the low reactivity of the terminal
olefin towards hydroboration led us to seek an alternative
route for the conversion of 16 into 20. The preferred method

involved olefin cross-metathesis between 16 and vinyl pinacol
boronate under the influence of the Grubbs second-gener-
ation catalyst 17,[11] which furnished vinyl boronate 19 in 85%
yield as a mixture of E and Z isomers (ca. 6:1).[12] This
intermediate underwent smooth oxidation[13] upon treatment
with trimethylamine N-oxide to give 20 in 95% yield, which
was further oxidized to furnish the desired carboxylic acid 3 in
excellent yield (95%) by using the Pinnick protocol.[14]

The synthesis of the aromatic amine, fragment 2, pro-
ceeded smoothly from 2-nitroresorcinol (21) as outlined in
Scheme 3. Protection of 21 as the bis-MOM ether (NaH,

MOMCl, 82%) followed by catalytic hydrogenation (99%) of
the resulting compound gave aniline 23. Protection of the
amino group of 23 with a Boc group was achieved by stirring
the neat amine with Boc2O at 40 8C to furnish 24 in 99% yield.
Interestingly, treatment of 23 with Boc2O in CH2Cl2 in the
presence of a catalytic amount of 4-dimethylaminopyridine
led to formation of the corresponding isocyanate. Compound
24 was successfully carboxymethylated by using in situ
silylation of the carbamate (nBuLi, TMSCl), followed by
lithiation of the aromatic ring (nBuLi), and quenching with
methyl cyanoformate (54% overall yield). Finally, thermol-
ysis of the Boc group under microwave radiation (1,2-
dichlorobenzene) promoted clean conversion into the
required aniline 2 in 83% yield.

The total synthesis of platensimycin was completed as
shown in Scheme 4. Coupling of carboxylic acid 3 with aniline
2 was achieved by treatment with HATU in 85% yield. The
methyl ester of 26 was then hydrolyzed on exposure to
aqueous LiOH. Following complete hydrolysis of the ester as
determined by TLC analysis, 2n aqueous HCl was added to
effect cleavage of the MOM ethers, thus furnishing (" )-
platensimycin (" )-1 in excellent overall yield (ca. 90%). The
spectral data for (" )-1 were consistent with the reported
data[2a,b] and its structure (Table 1). The possibility of achiev-
ing an enantioselective synthesis of platensimycin exists at the
cycloisomerization stage, where in principle a chiral, enan-
tiomerically pure organometallic species, such as a rhodium
catalyst,[15] could be employed to induce asymmetric induc-
tion. Alternatively, a resolution, either by classical means or
by HPLC on a chiral stationary phase, at the carboxylic acid
stage, may be used to provide the enantiomerically pure form

Scheme 3. Construction of the aromatic amine fragment 2. Reagents and
conditions: a) NaH (2.5 equiv), MOMCl (2.3 equiv), THF, 0!22 8C, 1.5 h,
82%; b) H2 (balloon), 10% Pd/C (0.1 equiv), MeOH/EtOAc (10:1), 22 8C,
12 h, 99%; c) Boc2O (3.0 equiv), 40 8C, 4 h, 99%; d) nBuLi (2.2m in pentane,
1.0 equiv), TMSCl (1.0 equiv), !78 8C, 15 min; then nBuLi (2.2m in pentane,
2.2 equiv), methyl cyanoformate (1.0 equiv), THF, !78 8C, 30 min; then 1n aq
HCl, 22 8C, 30 min, 54%; e) 1,2-dichlorobenzene, 205 8C (microwave), 5 min,
83%. Boc= tert-butoxycarbonyl.
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of platensimycin. Further improvements of this route to
platensimycin are envisaged.

The described chemistry renders platensimycin (1) readily
available by chemical synthesis in its racemic form and sets
the stage for the synthesis of designed analogues for structure-
activity relationship (SAR) studies in search of new anti-
bacterial agents. Certainly, numerous other synthetic sequen-
ces to this molecule can be imagined and no doubt many total
syntheses will be reported following this one.

Received: September 21, 2006
Published online: September 29, 2006

.Keywords: antibiotics · drug resistance · natural products ·
samarium diiodide · total synthesis

[1] a) H. Pearson, Nature 2002, 418, 469; b) C. T. Walsh, Nat. Rev.
Microbiol. 2003, 1, 65 – 70; c) S. B. Singh, J. Barrett, Biochem.
Pharmacol. 2006, 71, 1006 – 1015.

[2] a) J. Wang, S. M. Soisson, K. Young, W. Shoop, S. Kodali, A.
Galgoci, R. Painter, G. Parthasarathy, Y. S. Tang, R. Cummings,
S. Ha, K. Dorso, M.Motyl, H. Jayasuriya, J. Ondeyka, K. Herath,
C. Zhang, L. Hernandez, J. Allocco, A. Basilio, J. R. Tormo, O.
Genilloud, F. Vicente, F. Pelaez, L. Colwell, S. H. Lee, B.
Michael, T. Felcetto, C. Gill, L. L. Silver, J. D. Hermes, K.
Bartizal, J. Barrett, D. Schmatz, J. W. Becker, D. Cully, S. B.
Singh, Nature 2006, 441, 358 – 361; b) S. B. Singh, H. Jayasuriya,
J. G. Ondeyka, K. B. Herath, C. Zhang, D. L. Zink, N. N. Tsou,
R. G. Ball, A. Basilio, O. Genilloud, M. T. Diez, F. Vicente, F.
Pelaez, K. Young, J. Wang, J. Am. Chem. Soc. 2006, 128, 11916 –
11920. For a discussion of the activity and possible origins of
platensimycin, see: c) D. H!blich, F. von Nussbaum, ChemMed-
Chem 2006, 1, 951 – 954.

[3] Compound 8 is commercially available from a number of
sources. Alternatively, it can be prepared according to: W. F.
Gannon, H. O. House, Org. Synth. 1960, 40, 41 – 42.

[4] Y. Hayashi, H. Gotoh, T. Tamura, H. Yamaguchi, R. Masui, M.
Shoji, J. Am. Chem. Soc. 2005, 127, 16028 – 16029.

[5] M. Sun, Y. Deng, E. Batyreva, W. Sha, R. G. Salomon, J. Org.
Chem. 2002, 67, 3575 – 3584.

[6] a) B. M. Trost, F. D. Toste, J. Am. Chem. Soc. 2000, 122, 714 –
715; b) B. M. Trost, J.-P. Surivet, F. D. Toste, J. Am. Chem. Soc.
2004, 126, 15592 – 15602. For a review of Ru-catalyzed reactions,
see: B. M. Trost, M. U. Frederiksen, M. T. Rudd, Angew. Chem.
2005, 117, 6788 – 6825; Angew. Chem. Int. Ed. 2005, 44, 6630 –
6666.

[7] Y. Ito, T. Hirao, T. Saegusa, J. Org. Chem. 1978, 43, 1011 – 1013.

Scheme 4. Total synthesis of platensimycin. Reagents and conditions:
a) 3 (1.0 equiv), 2 (2.0 equiv), HATU (4.0 equiv), Et3N (5.9 equiv),
DMF, 22 8C, 26 h, 85%; b) LiOH (55 equiv), THF:H2O (4:1), 45 8C,
2 h; then 2n aq HCl, THF:H2O (3:1) 45 8C, 10 h, ca. 90% overall.
HATU=O-(7-azabenzotriazol-1-yl)-N,N,N’,N’-tetramethyluronium hexa-
fluorophosphate, HOAt=1-hydroxy-7-azabenzotriazole.

Table 1: Selected physical properties for compounds 1, 3, 4, and 6.

1: Rf=0.11 (silica gel, acetone/hexane/AcOH 60:40:1); IR (film):
ñ=3316brm, 2961m, 2921m, 2870w, 1664s, 1656s, 1605s, 1534m,
1448m, 1400m, 1380m, 1282m, 1218m, 1150m, 1102m, 1091m, 1072m,
953w, 831m, 786m cm!1; 1H NMR (500 MHz, C5D5N): d=8.12 (d,
J=8.7 Hz, 1H), 6.88 (d, J=8.8 Hz, 1H), 6.37 (d, J=10.0 Hz, 1H), 5.95
(d, J=10.0 Hz, 1H), 4.50 (brs, 1H), 2.84 (ddd, J=14.6, 11.7, 5.3, Hz,
1H), 2.76 (ddd, J=14.3, 11.4, 4.6 Hz, 1H), 2.72–2.66 (m, 1H), 2.45 (s,
1H), 2.20 (t, J=6.5 Hz, 1H), 2.08–2.02 (m, 1H), 1.94–1.90 (m, 1H),
1.82 (d, J=11.6 Hz, 2H), 1.73 (dd, J=11.2, 3.0 Hz, 1H), 1.58 (dd,
J=11.6, 6.9 Hz, 1H), 1.49 (d, J=10.9 Hz, 1H), 1.40 (s, 3H), 1.15 ppm
(s, 3H); 13C NMR (150 MHz, C5D5N): d=203.7, 175.2, 174.9, 158.8,
158.5, 154.4, 129.9, 127.7, 115.7, 110.4, 107.5, 87.3, 76.9, 55.4, 47.2, 47.0,
46.6, 45.5, 43.5, 41.2, 32.6, 32.2, 24.9, 23.7 ppm; 1H NMR (600 MHz,
CDCl3): d=8.14 (s, 1H), 7.61 (d, J=8.9 Hz, 1H), 6.55 (d, J=10.0 Hz,
1H), 6.51 (d, J=8.9 Hz, 1H), 5.97 (d, J=10.0 Hz, 1H), 4.64 (brs, 1H),
2.68–2.63 (m, 1H), 2.52–2.46 (m, 4H), 2.19–2.15 (m, 1H), 2.11 (dd,
J=12.0, 3.4 Hz, 1H), 2.07 (d, J=11.7 Hz, 1H), 1.96 (dd, J=11.4, 3.4 Hz,
1H), 1.88 (td, J=11.4, 5.0 Hz, 1H), 1.84 (dd, J=11.7, 7.2 Hz, 1H) 1.69
(d, J=11.4 Hz, 1H), 1.57 (s, 3H), 1.31 (s, 3H); 13C NMR (150 MHz,
CDCl3): d=203.8, 173.4, 172.2, 155.1, 154.2, 153.9, 128.2, 127.2, 114.3,
111.1, 103.7, 88.0, 76.4, 54.7, 46.5, 46.1, 45.9, 44.7, 42.9, 40.4, 31.5, 31.2,
24.4, 22.7; HR-MS (ESI TOF): m/z calcd for C24H28NO7 [M+H]+:
442.1860; found 442.1853.

3 : Rf=0.35 (silica gel, EtOAc); IR (film): ñ=2968brm, 1719s, 1657s,
1469w, 1445w, 1410w, 1297m, 1231m, 1183s, 1164m, 1151m, 1104m,
1095m, 953m, 831s, 758m cm!1; 1H NMR (600 MHz, CDCl3): d=6.48
(d, J=10.1 Hz, 1H), 6.90 (d, J=10.1 Hz, 1H), 4.43 (brs, 1H), 2.41 (t,
J=6.5 Hz, 1H), 2.37 (brs, 1H), 2.35–2.24 (m, 3H), 2.10–2.07 (m, 1H),
2.04–2.00 (m, 2H), 1.88 (dd, J=11.2, 3.5 Hz, 1H), 1.79–1.73 (m, 2H),
1.62 (d, J=11.2 Hz, 1H), 1.45 (s, 3H), 1.24 ppm (s, 3H); 13C NMR
(150 MHz, CDCl3): d=203.4, 178.5, 153.6, 127.3, 87.1, 76.5, 54.9, 46.5,
46.0, 45.9, 44.6, 43.2, 40.5, 30.6, 29.0, 24.5, 23.0 ppm; HR-MS (ESI TOF):
m/z calcd for C17H23O4 [M+H]+: 291.1591; found 291.1581.

4 : Rf=0.20 (silica gel, EtOAc/hexane 3:7); IR (film): ñ=2951m, 1677s,
1448w, 1379w, 1327w, 1282w, 1248w, 1138w, 1082w, 1037w, 993w, 820w,
778w cm!1; 1H NMR (600 MHz, CDCl3): d=6.62 (d, J=10.0 Hz, 1H),
5.94 (d, J=10.0 Hz, 1H), 4.17 (t, J=3.4 Hz, 1H), 2.43–2.29 (m, 4H,),
1.97–1.94 (m, 2H), 1.90 (d, J=11.6 Hz, 1H), 1.79–1.74 (m, 2H), 1.66 (d,
J=11.2 Hz, 1H), 1.45 ppm (s, 3H); 13C NMR (150 MHz, CDCl3):
d=199.1, 155.2, 128.9, 87.2, 79.0, 51.7, 46.2, 44.2, 42.7, 42.2, 37.9, 37.5,
23.1 ppm; HR-MS (ESI TOF):m/z calcd for C13H17O3 [M+H]+: 205.1223;
found 205.1216.

6 : Rf=0.31 (silica gel, EtOAc/hexane 1:1); IR (film): ñ=2831w, 2725w,
1718s, 1657s, 1621s, 1406m, 1284w, 1259m, 1180w, 1090w, 1059w,
1023w, 888w, 858s, 706w cm!1; 1H NMR (500 MHz, CDCl3): d=9.83 (t,
J=1.3 Hz, 1H), 6.98–6.96 (m, 1H), 6.79–6.76 (m, 1H), 6.27–6.23 (m,
2H), 5.11–5.09 (m, 1H), 4.99–4.97 (m, 1H), 3.31–3.23 (m, 1H), 2.85
(ddd, J=17.9, 4.9, 1.2 Hz, 1H), 2.68 (dq, 16.0, 2.4 Hz, 1H), 2.64 (ddd,
J=17.8, 8.3, 1.4 Hz, 1H), 2.47 (dd, J=16.0, 1.6 Hz, 1H), 2.15 (ddd,
J=13.0, 8.0, 1.6 Hz, 1H), 1.69 ppm (dd, J=13.0, 10.3 Hz, 1H);
13C NMR (125 MHz, CDCl3): d=200.5, 185.8, 154.2, 152.1, 151.2, 128.7,
127.7, 108.5, 49.2, 46.8, 44.4, 43.7, 36.2 ppm; HR-MS (ESI TOF): m/z
calcd for C13H15O2 [M+H]+: 203.1067; found 203.1067.
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comparison of the optical rotation of 2 produced from 10 with
that of material prepared from 23 (see below).

Having performed admirably in facilitating the enantio-
selective cycloisomerization, the carboxylate group had to be

excised from the enantiomerically enriched dienone 10. To
this end, the aldehyde moiety in 10 was selectively converted
into an ethylene acetal (90%) and the resulting product 11
was converted into the Barton ester[7] 13 in a two-step

Scheme 2. Catalytic enantioselective synthesis of (!)-1 through a rhodium-catalyzed cycloisomerization. Reagents and conditions: a) TMSOTf
(1.3 equiv), Et3N (2.0 equiv), CH2Cl2, 0 8C, 10 min; b) nBuLi (1.39m in hexanes, 1.2 equiv), methyl cyanoformate (1.5 equiv), THF, !78!!40 8C,
1 h; c) IBX (1.4 equiv), MPO (1.4 equiv), DMSO, 22 8C, 1 h, 67% (3 steps); d) 1n aq HCl/THF (1:2), 0 8C, 1 h, 91%; e) [{Rh(cod)Cl}2] (5 mol%),
(S)-binap (11 mol%), AgSbF6 (20 mol%), DCE, 22 8C, 1.5 h, 91%; f) (CH2OH)2 (2.0 equiv), CH(OMe)3 (2.0 equiv), PPTS (10 mol%), benzene,
60 8C, 3 h, 90%; g) 0.6n aq LiOH (4.0 equiv), THF, 0 8C, 1 h; h) EDC·HCl (1.1 equiv), 12 (1.1 equiv), CH2Cl2, 22 8C, 2 h; i) visible light, 65 W lamp,
nBu3SnH (5.0 equiv), benzene, 22 8C, 30 min, 49% (3 steps); j) 1n aq HCl/THF (1:1), 40 8C, 20 min, 90%; k) SmI2 (0.1m in THF, 2.2 equiv), HFIP
(1.5 equiv), THF/HMPA (10:1), !78 8C, 1 min, 39%, l) TFA/CH2Cl2 (2:1), 0 8C, 1.5 h, 87%. binap=2,2’-bis(diphenylphosphino)-1,1’-binaphthalene,
cod=1,5-cyclooctadiene, DCE=1,2-dichloroethane, DMSO=dimethyl sulfoxide, EDC=N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide,
HFIP=1,1,1,3,3,3-hexafluoropropan-2-ol, HMPA=hexamethylphosphoramide, IBX=o-iodoxybenzoic acid, MPO=4-methoxypyridine-N-oxide,
PPTS=pyridinium p-toluenesulfonate, TFA= trifluoroacetic acid.

Scheme 3. Chiral-auxiliary-based asymmetric synthesis of (!)-1 through a hypervalent-iodine-mediated dearomatization. Reagents and conditions:
a) 19 (1.3 equiv), PivCl (1.3 equiv), Et3N (3.0 equiv), MeCN, 0 8C, 1 h; then 20 (1.0 equiv), Et3N (1.0 equiv), THF, 30 min, 100%; b) LDA
(2.1 equiv), LiCl (7.0 equiv), 22 (1.8 equiv), !78!0 8C, 1.5 h, 87%; c) MeLi (1.36m in Et2O, 4.0 equiv), THF, !78!!25 8C, 40 min, 91%;
d) KHMDS (0.5m in toluene, 2.5 equiv), 24 (2.5 equiv), THF, !78!0 8C, 1 h, 92%; e) TMSCH2MgCl (1.1m in THF, 3.0 equiv), LiCl (3.0 equiv),
[Pd(PPh3)4] (2.5 mol%), THF, 22 8C, 30 min, 94%; f) NaOH (2.5% w/v in MeOH), 0!22 8C, 2 h, 100%; g) PhI(OAc)2 (1.2 equiv), TFE, !10 8C,
20 min, 68%; h) 1n aq HCl/THF (1:1), 40 8C, 3 h, 90%. LDA= lithium diisopropylamide, HMDS=hexamethyldisilazide, Piv=pivaloyl,
TFE=2,2,2-trifluoroethanol.
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A formal total synthesis of (¡)-platensimycin [(¡)-1] is

reported involving an intramolecular Stetter reaction and a

radical cyclization.

Platensimycin (1,Fig. 1), reported recentlyby scientistsatMerck,1 is

a promising antibiotic. It has been shown to act through a new

mechanism of action and is active in vitro against a range of human

pathogenic bacterial strains, including methicillin-resistantStaphy-

lococcus aureus and vancomycin-resistant Enterococcus faecium.

Additionally, lowmammalian toxicity andin vivo efficacy have also

beendemonstrated.1The remarkablebiologicalprofile and interest-

ing chemical structure of platensimycin prompted us to initiate a

synthetic program, which culminated in the total synthesis of the

racemate,2 and, more recently, the natural (2)-enantiomer of

platensimycin (1).3 We report here an alternative approach to the

polycyclic core of platensimycin, leading to a formal total synthesis

of (¡)-1. This route involves an intramolecular Stetter reaction and

a radical cyclization to form the key carbon–carbon bondsen route

to the cage-like structure of the target molecule.

The retrosynthetic analysis that led to this approach is shown in

Fig. 1. Thus, retrosynthetic cleavage of the amide bond of 1

followed by removal of the side chains left cage-like ketone2 as a

key intermediate.2,3 Cleavage of the ether linkage led to tricyclic

alcohol 3, with a radical addition to an enone envisaged to form

the [3.2.1] bicyclooctane structural motif. Finally, diketone 4 was

expected to be available through an intramolecular Stetter reaction

between a bis-enone motif and a pendant aldehyde.

The preparation of the substrate required for the key Stetter

reaction is summarized in Scheme 1. Alkylation of the lithium

aDepartment of Chemistry and The Skaggs Institute for Chemical
Biology, The Scripps Research Institute, 10550 North Torrey Pines
Road, La Jolla, California, USA 92037. E-mail: kcn@scripps.edu
bDepartment of Chemistry and Biochemistry, University of California,
San Diego, 9500 Gilman Drive, La Jolla, California, USA 92093
{ Electronic supplementary information (ESI) available: Experimental
details. See DOI: 10.1039/b704589a

Fig. 1 Molecular structure and retrosynthetic analysis of platensimycin

(1).

Scheme 1 Synthesis of diketone 4. Reagents and conditions: (a) LDA

(1.3 equiv.), 6 (1.4 equiv.), THF–HMPA (5 : 1),278 A 0 uC, 12 h, 75%;

(b) LDA (1.3 equiv.), 7 (1.5 equiv.), THF–HMPA (5 : 1), 278 A 0 uC,
12 h, 87%; (c) DIBAL-H (1.5 equiv.), toluene,278 A 0 uC, 2 h; then 1 N

aq. HCl, 1 h, 92%; (d) LDA (1.1 equiv.), TMSCl (1.1 equiv.), THF,278A
0 uC, 1 h; (e) IBX (1.5 equiv.), MPO (1.5 equiv.), DMSO, 25 uC, 2 h, 77%
for two steps; (f) DDQ (1.2 equiv.), CH2Cl2–H2O (9 : 1), 25 uC, 1 h, 95%;

(g) DMP (1.2 equiv.), NaHCO3 (3.0 equiv.), CH2Cl2, 25 uC, 2 h, 95%; (h)

12 (1.0 equiv.), Et3N (6.0 equiv.), CH2Cl2, 45 uC, 4 h, 64%. LDA = lithium

diisopropylamide, HMPA = hexamethylphosphoramide, DIBAL-H =

diisobutylaluminium hydride, TMS = trimethylsilyl, IBX = o-iodoxyben-

zoic acid, MPO = 4-methoxypyridine N-oxide, DMSO = dimethyl

sulfoxide, DDQ = 2,3-dichloro-4,5-dicyano-1,4-benzoquinone, DMP =

Dess–Martin periodinane.
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enolate of 5 with known primary iodide 64 (LDA, 75%) followed

by a second alkylation with commercially available allylic bromide

7 (LDA, 87%), gave dialkylated ketone 8. Reduction of the ketone

group followed by treatment with acid gave enone 9 (DIBAL-H;

then HCl, 92%), which was oxidized (IBX,MPO)5 to the bis-enone

10 via the corresponding TMS enol ether (LDA, TMSCl) in 77%

overall yield. Oxidative removal of the PMB protecting group with

DDQ followed by oxidation of the primary alcohol with the Dess–

Martin reagent gave aldehyde 11 in excellent overall yield (90%

over two steps), setting the stage for the Stetter reaction.6 This

transformation was attempted using a number of carbene

catalysts,7 with the triazole-based precursor 127a giving the best

results, furnishing diketone 13 in 64% yield as a single

diastereoisomer.

The completion of the cage-like portion of platensimycin (1)

from diketone 13 is shown in Scheme 2. The success of this

sequence hinged on the ability to differentiate the two ketone

groups. The enone of 13 could be protected selectively as the

dithioacetal 14 by exposure to ethanedithiol and BF3?OEt2 in the

presence of methanol. Oxidation of the free ketone to the enone

required for the radical addition step was again accomplished by

treatment of the TMS enol ether (TMSOTf, Et3N) with the IBX–

MPO system.5 The final carbon–carbon bond of the cage motif

was then formed by treatment of vinylic bromide 15 with tri-

n-butyltin hydride and AIBN in refluxing benzene, generating the

tricyclic intermediate 16 in 86% yield. Reduction of the ketone to

give the secondary alcohol required for the etherification was

problematic, with most conditions favoring the undesired

diastereoisomer 17;{ however, treatment of 16 with

L-Selectride1 in THF at 220 uC gave the secondary alcohol as

a 1 : 1 mixture of 17 and 18, the desired diastereomer, in 91%

yield.§ The overall efficiency of this process could be improved by

the efficient recycling of 17 to 16 upon treatment with DMP (99%).

Treatment of 18 with TFA effected ring-closure to form the

complete cage system, with final deprotection of the enone

thioketal under oxidative conditions (DMP, 85%) giving 2 and

completing the formal synthesis of (¡)-platensimycin [(¡)-1].
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L-Selectride reduction of dione 5 should provide the bis axial

alcohol 4 (see Scheme 1).

This approach was attractive because Marinovic reported

a two-step synthesis of dione 5 in 1983.3 Reductive alkylation

of 5-methoxy-1-tetralone (6) with 2,3-dibromopropene by

Narisada’s procedure4 afforded bicyclic diones 7 and 8 in

68% yield with unspecified stereochemistry (see Scheme 2).

Radical cyclization of this mixture of 7 and 8 with

n-Bu3SnH in benzene at reflux afforded the tricyclic diones

5 and 9 in 85% yield, again with unspecified stereochemistry.

Although this route is very short, it is only attractive if

the desired tricyclic dione 5 can be prepared cleanly and in

good yield. Unfortunately, molecular mechanics calculations5

suggested that the desired tricyclic dione 5 is 1.6 kcal/mol

less stable than epimeric dione 9. However, calculations also

suggested that the desired bicyclic dione 7 is 0.1 kcal/mol

more stable than epimeric dione 8. Therefore, it might be

possible to isolate 7 in acceptable yield and convert it to 5

if the radical cyclization can be carried out without epimer-

ization.

In our hands, the reduction of 6 was best carried out with

potassium in NH3/Et2O at -78 °C.6 Addition of LiBr and
then 2,3-dibromopropene effected alkylation. Hydrolysis of

the enol ether with concentrated HCl in THF for 30 min

afforded a readily separable mixture from which the desired

bicyclic dione 7 was isolated in 51% yield and the epimer 8

was obtained in 35% yield. The structures of 7 and 8 could

not be assigned at this point, so both compounds were carried

on. The HCl hydrolysis step produced close to an equilibrium

mixture. Acid-catalyzed equilibration of either 7 or 8

provided a 4:3 mixture of 7 and 8. Equilibration of 8 afforded

additional 7 (19%), which was therefore isolated in 70%

overall yield from 5-methoxy-1-tetralone (6).

Radical cyclization of 7 with n-Bu3SnH and catalytic

AIBN in benzene at reflux afforded the desired tricyclic dione

5 in 84% yield without any epimerization. This practical two-

step route to 5 proceeds in 59% overall yield. A similar

sequence converted the undesired bicyclic dione8 to tricyclic

dione 9 in 81% yield. Equilibration of either 5 or 9 with

KOH in MeOH gave a 1:4 mixture of 5 and the more stable

tricyclic dione 9. The equilibration of both bicyclic diones

7 and 8 and tricyclic diones 5 and 9 thus gave results close

to those expected from molecular mechanics calculations.

The 1H NMR spectra of 5 and 7-9 were hard to analyze
because of extensive overlap. Fortunately, all the hydrogens

of 5 could be resolved in C6D6 at 800 MHz, and the

stereochemistry of 5 was tentatively assigned on the basis

of an NOE between the ring fusion hydrogen and one of the

allylic methylene hydrogens (see Figure 1). The stereochem-

ical assignments of 5 and 7-9 were unambiguously estab-
lished by X-ray crystal structure determination of both

tricyclic diones 5 and 9 (see Figure 1).

L-Selectride reduction of the unhindered ketone of 5

occurred readily at -78 °C but gave a 1:1 mixture of

equatorial and axial alcohols. The other ketone was reduced

at 25 °C, affording a 12:1 mixture favoring the desired axial

alcohol. This resulted in the formation of an inseparable 1:1

mixture of 4 and 11 in 90% yield (see Scheme 3).7 This

mixture was treated with TFA and CH2Cl2 to effect formation

of the ether linkage as described by Nicolaou2 for a related

substrate with different functionality in the isolated ring. This

(3) Marinovic, N. N.; Ramanathan, H.Tetrahedron Lett. 1983, 24, 1871-
1874.
(4) (a) Narisada, M.; Watanabe, F. J. Org. Chem. 1973, 38, 3887-3892.

(b) Brown, J. M.; Cresp, T. M.; Mander, L. N. J. Org. Chem. 1977, 42,
3984-3986.
(5) PCMODEL version 8.0 from Serena Software was used with MMX.
(6) For more recent studies of this reductive alkylation, see: (a) Labadie,

G. R.; Estiú, G. L.; Cravero, R. M.; Gonzalez Sierra, M.THEOCHEM 2003,
635, 173-182. (b) Marcinow, Z.; Rabideau, P. W. J. Org. Chem. 1988,
53, 2117-2119. (c) Labadie, G. R.; Cravero, R. M.; Gonzalez-Sierra, M.
Synth. Commun. 2000, 30, 4065-4079.

Scheme 2. Synthesis of Tricyclic Diones 5 and 9

Figure 1. Three-dimensional representations and molecular struc-
tures of 5 and 9 established by X-ray structure determination.

1826 Org. Lett., Vol. 9, No. 9, 2007
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two-step sequence afforded axial alcohol3 in 39% yield and

the equatorial alcohol 12 in 42% yield from the mixture of

diols. Treatment of the axial alcohol 3 with Tf2O and pyridine

in CH2Cl2 afforded the triflate, which eliminated readily to

give alkene 13 in 90% yield. Similar treatment of the

equatorial alcohol 12 afforded triflate 14, which did not

undergo E2 elimination readily because there is no !-hy-
drogen anti to the triflate.8 Eventually, we found that

treatment of crude triflate 14 with either silica gel or

hydrochloric acid resulted in clean elimination, possibly by

an E1 mechanism, to form alkene 13 in 84% yield from 12.9

This three-step sequence converts tricyclic dione 5 to

tetracyclic alkene 13 in 63% overall yield, but diols 4 and

11 cannot be characterized.

Alternatively, reduction of dione 5 with NaBH4 in EtOH

at-78 to 0 °C afforded equatorial keto alcohol10. Reduction
of 10 with L-Selectride afforded diol 11 contaminated with

a few percent of the equatorial alcohol7 in 83% yield. Acid-

catalyzed cyclization afforded 12 (90%), which was elabo-

rated to 13 as previously described. This four-step sequence

converts tricyclic dione 5 to tetracyclic alkene 13 in 55%

overall yield.

Allylic oxidation of alkene 13 with CrO3‚3,5-dimeth-
ylpyrazole10 in CH2Cl2 at -25 °C provided an inseparable
4:1 mixture of the desired enone 2 and the regioisomer 15

in 75% yield (see Scheme 4). Oxidation of 13 with CrO3‚

pyridine was slower but gave the same ratio of products.

The formation of mixtures of products was expected11

because both ends of the intermediate allylic cation are

secondary.

We therefore turned to SeO2 oxidation, which should be

regiospecific because the oxygen is introduced by an ene

reaction followed by a [2,3]-sigmatropic rearrangement.12

Oxidation of 13 with 8 equiv of SeO2 in dioxane at 140 °C

in a microwave reactor for 30 min afforded allylic alcohol

17 in only 27% yield. The major product was dienone 16

(59%). Oxidation of alkene 13 with SeO2 should give allylic

alcohol 17 and enone 2, which is apparently oxidized further

to dienone 16 as has been observed in related systems.13

Oxidation of alkene 13 with only 3 equiv of SeO2 in dioxane

at 110 °C in a microwave reactor for only 10 min afforded

allylic alcohol 17 in 83% yield and enone 2 in 7% yield.

Oxidation of alcohol 17 with activated MnO2 provided enone

2 in 94% yield. This two-step sequence converts alkene 13

to enone 2 in 85% yield. The 1H and 13C NMR spectra of 2

are identical to those reported by Nicolaou.

(7) This mixture contained a few percent of the epimers of 4 and 11
with an equatorial alcohol in the bicyclic moiety. These isomers cannot
form an ether on treatment with TFA and are easily separated from 3 and
12.
(8) Attempted dehydration of 12 with Burgess’ reagent, Martin sulfurane,

or via the mesylate failed.
(9) LiCl in THF has been reported to facilitate elimination of triflates:

Finch, H.; Harwood, L. M.; Highcock, R.; Jackson, B.; Prout, K.; Robertson,
G.; Sewell, R. C. Synlett 1990, 7, 384-386.

(10) Salmond, W. G.; Barta, M. A.; Havens, J. L. J. Org. Chem. 1978,
43, 2057-2059.
(11) (a) Dauben, W. G.; Lorber, M.; Fullerton, D. S.J. Org. Chem. 1969,

34, 3587-3592. (b) Gulge, R.; Shaligram, A. M. Indian J. Chem., Sect. B
1985, 24B, 815-819. (c) Engler, T. A.; Sampath, U.; Velde, D. V.;
Takusagawa, F. Tetrahedron 1992, 48, 9399-9416. (d) Zhao, J.; Zhao, F.;
Wang, Y.; Li, H.; Zhang, Q.; Guénard, D.; Ge, Q.; Wei, E.; Jiang, H.; Wu,
Y.; Wang, L.; Jiang, H.; Guéritte, F.; Wu, X.; Cheng, C. H. K.; Lee, S.-S.;
Zhao, Y. HelV. Chim. Acta 2004, 87, 1832-1853.
(12) (a) Rabjohn, N. Org. React. 1976, 24, 261-415. (b) Bullman Page,

P. C.; McCarthy, T. J. In ComprehensiVe Organic Synthesis; Ley, S. V.,
Ed.; Pergamon Press: New York, 1991; Vol. 7, pp 83-117.
(13) Kocór, M.; Tuszy-Maczka, M. Bull. Acad. Pol. Sci., Ser. Sci. Chim.

1961, 9, 405-409; Chem. Abstr. 1964, 60, 6910e or 38978. (b) Moreno-
Dorado, F. J.; Guerra, F. M.; Aladro, F. J.; Bustamante, J. M.; Jorge, Z.
D.; Massanet, G. M. Tetrahedron 1999, 55, 6997-7010.

Scheme 3. Reduction, Cyclization, and Dehydration of 5

Scheme 4. Allylic Oxidation of 13 to Give Enone 2
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two-step sequence afforded axial alcohol3 in 39% yield and

the equatorial alcohol 12 in 42% yield from the mixture of

diols. Treatment of the axial alcohol 3 with Tf2O and pyridine

in CH2Cl2 afforded the triflate, which eliminated readily to

give alkene 13 in 90% yield. Similar treatment of the

equatorial alcohol 12 afforded triflate 14, which did not

undergo E2 elimination readily because there is no !-hy-
drogen anti to the triflate.8 Eventually, we found that

treatment of crude triflate 14 with either silica gel or

hydrochloric acid resulted in clean elimination, possibly by

an E1 mechanism, to form alkene 13 in 84% yield from 12.9

This three-step sequence converts tricyclic dione 5 to

tetracyclic alkene 13 in 63% overall yield, but diols 4 and

11 cannot be characterized.

Alternatively, reduction of dione 5 with NaBH4 in EtOH

at-78 to 0 °C afforded equatorial keto alcohol10. Reduction
of 10 with L-Selectride afforded diol 11 contaminated with

a few percent of the equatorial alcohol7 in 83% yield. Acid-

catalyzed cyclization afforded 12 (90%), which was elabo-

rated to 13 as previously described. This four-step sequence

converts tricyclic dione 5 to tetracyclic alkene 13 in 55%

overall yield.

Allylic oxidation of alkene 13 with CrO3‚3,5-dimeth-
ylpyrazole10 in CH2Cl2 at -25 °C provided an inseparable
4:1 mixture of the desired enone 2 and the regioisomer 15

in 75% yield (see Scheme 4). Oxidation of 13 with CrO3‚

pyridine was slower but gave the same ratio of products.

The formation of mixtures of products was expected11

because both ends of the intermediate allylic cation are

secondary.

We therefore turned to SeO2 oxidation, which should be

regiospecific because the oxygen is introduced by an ene

reaction followed by a [2,3]-sigmatropic rearrangement.12

Oxidation of 13 with 8 equiv of SeO2 in dioxane at 140 °C

in a microwave reactor for 30 min afforded allylic alcohol

17 in only 27% yield. The major product was dienone 16

(59%). Oxidation of alkene 13 with SeO2 should give allylic

alcohol 17 and enone 2, which is apparently oxidized further

to dienone 16 as has been observed in related systems.13

Oxidation of alkene 13 with only 3 equiv of SeO2 in dioxane

at 110 °C in a microwave reactor for only 10 min afforded

allylic alcohol 17 in 83% yield and enone 2 in 7% yield.

Oxidation of alcohol 17 with activated MnO2 provided enone

2 in 94% yield. This two-step sequence converts alkene 13

to enone 2 in 85% yield. The 1H and 13C NMR spectra of 2

are identical to those reported by Nicolaou.

(7) This mixture contained a few percent of the epimers of 4 and 11
with an equatorial alcohol in the bicyclic moiety. These isomers cannot
form an ether on treatment with TFA and are easily separated from 3 and
12.
(8) Attempted dehydration of 12 with Burgess’ reagent, Martin sulfurane,

or via the mesylate failed.
(9) LiCl in THF has been reported to facilitate elimination of triflates:

Finch, H.; Harwood, L. M.; Highcock, R.; Jackson, B.; Prout, K.; Robertson,
G.; Sewell, R. C. Synlett 1990, 7, 384-386.

(10) Salmond, W. G.; Barta, M. A.; Havens, J. L. J. Org. Chem. 1978,
43, 2057-2059.
(11) (a) Dauben, W. G.; Lorber, M.; Fullerton, D. S.J. Org. Chem. 1969,

34, 3587-3592. (b) Gulge, R.; Shaligram, A. M. Indian J. Chem., Sect. B
1985, 24B, 815-819. (c) Engler, T. A.; Sampath, U.; Velde, D. V.;
Takusagawa, F. Tetrahedron 1992, 48, 9399-9416. (d) Zhao, J.; Zhao, F.;
Wang, Y.; Li, H.; Zhang, Q.; Guénard, D.; Ge, Q.; Wei, E.; Jiang, H.; Wu,
Y.; Wang, L.; Jiang, H.; Guéritte, F.; Wu, X.; Cheng, C. H. K.; Lee, S.-S.;
Zhao, Y. HelV. Chim. Acta 2004, 87, 1832-1853.
(12) (a) Rabjohn, N. Org. React. 1976, 24, 261-415. (b) Bullman Page,

P. C.; McCarthy, T. J. In ComprehensiVe Organic Synthesis; Ley, S. V.,
Ed.; Pergamon Press: New York, 1991; Vol. 7, pp 83-117.
(13) Kocór, M.; Tuszy-Maczka, M. Bull. Acad. Pol. Sci., Ser. Sci. Chim.

1961, 9, 405-409; Chem. Abstr. 1964, 60, 6910e or 38978. (b) Moreno-
Dorado, F. J.; Guerra, F. M.; Aladro, F. J.; Bustamante, J. M.; Jorge, Z.
D.; Massanet, G. M. Tetrahedron 1999, 55, 6997-7010.

Scheme 3. Reduction, Cyclization, and Dehydration of 5

Scheme 4. Allylic Oxidation of 13 to Give Enone 2
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zene under mild conditions; (3) the one-pot reductive cyanation of

lactone 4; (4) the stereoselective intramolecular Michael addition24

between the R-branched aldehyde moiety and the !-substituted
enone part of bicyclic compound 8.
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D.; von Nussbaum, F. ChemMedChem 2006, 1, 951-954.

(2) (a) Nicolaou, K. C.; Li, A.; Edmonds, D. J. Angew. Chem., Int. Ed. 2006,
45, 7086-7090. (b) Nicolaou, K. C.; Li, A.; Edmonds, D. J.; Tria, G. S.
Angew. Chem., Int. Ed. 2007, 46, 3942-3945. (c) Zou, Y.; Chen, C.-H.;
Taylor, C. D.; Foxman, B. M.; Snider, B. B. Org. Lett. 2007, 9, 1825-
1828. (d) Nicolaou, K. C.; Tang, Y.; Wang, J. Chem. Commun. 2007,
1922-1923. (e) Kaliappan, K. P.; Ravikumar, V. Org. Lett. 2007, 9,
2417-2419.

(3) For a classical example of Robinson annulation in total synthesis, see:
Stork, G.; Shiner, C. S.; Winkler, J. D. J. Am. Chem. Soc. 1982, 104,
310-312.

(4) (a) Fonseca, M. T. H.; List, B. Angew. Chem., Int. Ed. 2004, 43, 3958-
3960. (b) Hayashi, Y.; Gotoh, H.; Tamura, T.; Yamaguchi, H.; Masui,
R.; Shoji, M. J. Am. Chem. Soc. 2005, 127, 16028-16029. (c) List, B.
Chem. Commun. 2006, 819-824.

(5) (a) Curran, D. P.; Rakiewicz, D. M. J. Am. Chem. Soc. 1985, 107, 1448-
1449. (b) Curran, D. P.; Rakiewicz, D. M. Tetrahedron 1985, 41, 3843-
3958. (c) Fevig, T. L.; Elliott, R. L.; Curran, D. P. J. Am. Chem. Soc.
1988, 110, 5064-5067. (d) Weinges, K.; Reichert, H. Synlett 1991, 785-
786. (e) Weinges, K.; Reichert, H.; Huber-Patz, U.; Irngartinger, H.Liebigs
Ann. Chem. 1993, 403-411. (f) Weinges, K.; Braun, R.; Huber-Patz, U.;
Irngartinger, H. Liebigs Ann. Chem. 1993, 1133-1140. (g) Weinges, K.;
Braun, R. Liebigs Ann. Chem. 1994, 99-101.

(6) (a) Meinwald, J.; Seidel, M. C.; Cadoff, B. C. J. Am. Chem. Soc. 1958,
80, 6303-6305. (b) Curran, D. P.; Chen, M. Tetrahedron Lett. 1985, 26,
4991-4994. (c) Corey, E. J.; Weinshenker, N. M.; Schaaf, T. M.; Huber,
W. J. Am. Chem. Soc. 1969, 91, 5675-5677. (d) Corey, E. J.; Schaff, T.
K.; Huber, W.; Koelliker, V.; Weinshenker, N. M. J. Am. Chem. Soc.
1970, 92, 397-398. (e) Corey, E. J.; Cheng, X. The Logic of Chemical
Synthesis; John Wiley & Sons: New York, 1989; Chapter 11: Prostanoids.

(7) For a review of combined acid catalysis, see: Yamamoto, H.; Futatsugi,
K. Angew. Chem., Int. Ed. 2005, 44, 1924-1942.

(8) (a) Payette, J. N.; Yamamoto, H. J. Am. Chem. Soc. 2007, 129, in press.
(b) For an excellent review of catalytic enantioselective Diels-Alder
reactions, see: Corey, E. J. Angew. Chem., Int. Ed. 2002, 41, 1650-
1667.

(9) Payette, J. N.; Yamamoto, H. Manuscript in preparation. For review of
nitrosoaldol reactions, see: (a) Yamamoto, H.; Momiyama, N. Chem.
Commun. 2005, 3514-3525. For synthetic applications of nitrosoaldol
reactions to realize mild oxidation, see: (b) Baran, P. S.; Hafensteiner,
B. D.; Ambhaikar, N. B.; Guerrero, C. A.; Gallagher, J. D. J. Am. Chem.
Soc. 2006, 128, 8678-8693.

(10) Futatsugi, K.; Yamamoto, H. Angew. Chem., Int. Ed. 2005, 44, 1484-
1487 and references therein.

(11) Hasegawa, A.; Ishikawa, T.; Ishihara, K.; Yamamoto, H.Bull. Chem. Soc.
Jpn. 2005, 78, 1401-1410 and references therein.

(12) For a related oxidative decarboxylation, see: Corey, E. J.; Imai, N.; Pikul,
S. Tetrahedron Lett. 1991, 32, 7517-7520.

(13) Weinshenker, N. M.; Stephenson, R. J. Org. Chem. 1972, 37, 3741.

(14) SN2! type addition of organocopper reagents to compound 4 and related
structures are well studied; see: Curran, D. P.; Chen, M. H.; Leszczweski,
D.; Elliott, L. R.; Rakiewicz, D. M. J. Org. Chem. 1986, 51, 1612-1614.

(15) Catalytic amount of silver triflate and triflic acid can also mediate this
transformation, albeit in slightly lower yields. See: (a) Yang, C.-G.; Reich,
N. W.; Shi, Z.; He, C. Org. Lett. 2005, 7, 4553-4556. (b) Rosenfeld, D.
C.; Shekhar, S.; Takemiya, A.; Utsunomiya, M.; Hartwig, J. F. Org. Lett.
2006, 8, 4179-4182.

(16) Under the cyclization conditions of compound 8, this stereocenter would
be enolized to sp2 hybridized, so both epimers could give the desired
products.

(17) For review, see: Levy, D. E.; Tang, C. The Chemistry of C-Glycosides;
Pergamon Press: Exeter, 1995; Chapter 2: Electrophilic Substitutions.
For a recent example, see: Rychnovsky, S. D.; Takaoka, L. R. Angew.
Chem., Int. Ed. 2003, 42, 818-820.

(18) Ritter, T.; Zarotti, P.; Carreira, E. M. Org. Lett. 2004, 6, 4371-4374.
(19) Peng, X.; Bondar, D.; Paquette, L. A. Tetrahedron 2004, 60, 9589-9598.
(20) Yang, D.; Zhang, C. J. Org. Chem. 2001, 66, 4814-4818.
(21) (a) Corey, E. J.; Boaz, N. W. Tetrahedron Lett. 1985, 26, 6015-6018.

(b) Yamamoto, Y.; Nishii, S.; Ibuka, T. J. Chem. Soc., Chem. Commun.
1987, 464-466. Hyperconjugation with the neighboring C-O or C-C σ
bond would lead to the enone’s LUMO(π*) energy difference between
the two shown conformers.

(22) For an insightful discussion on proline catalysis, see: Seebach, D.; Beck,
A. K.; Badine, D. M.; Limbach, M.; Eschenmoser, A.; Treasurywala, A.
M.; Hobi, R.; Prikoszovich, W.; Linder, B. HelV. Chim. Acta 2007, 90,
425-470.

(23) Extensive study of this Robinson annulation event is underway and will
be reported in due course. For preliminary results, see Supporting
Information.

(24) Intermolecular reaction between such counterparts is still a remaining
challenge in the area of organocatalysis; see: (a) Melchiorre, P.; Jørgensen,
K. A. J. Org. Chem. 2003, 68, 4151-4157. (b) Peelen, T. J.; Chi, Y.;
Gellman, S. H. J. Am. Chem. Soc. 2005, 127, 11598-11599. (c) Chi, Y.;
Gellman, S. H. Org. Lett. 2005, 7, 4253-4256.

JA073547N

Scheme 2. Synthetic Route toward Tetracyclic Compound 9

C O M M U N I C A T I O N S

J. AM. CHEM. SOC. 9 VOL. 129, NO. 31, 2007 9535



2007, June :  Mulzer

ACIE 2007, 8074
formal, racemic, 

protecting-group-free

Natural Product Synthesis
DOI: 10.1002/anie.200702852

Protecting-Group-Free Formal Synthesis of Platensimycin**
Konrad Tiefenbacher and Johann Mulzer*

Dedicated to Professor Herbert Mayr on the occasion of his 60th birthday

The ever increasing multiresistance of bacteria is a serious
and urgent problem that calls for the introduction of novel
antibiotics that do not use established biological targets. In
this respect, the discovery of platensimycin (1),[1] a metabolite
of Streptomyces platensis, has been hailed as a true break-
through in antibiotic research. However, the in vivo efficacy
of 1 is low, owing to its limited metabolic stability,[2] so that
suitable derivatives of 1 will have to be investigated to find
more promising drug candidates. This demand presents a
strong motivation for total synthesis.

Toward the end of 2006, the Nicolaou group reported the
first total synthesis of 1 via compound 2 as a late key
intermediate (Scheme 1).[3] Compound 2 was prepared from 3

in racemic (10 steps, 11%) and later in optically active form[4]

using chiral catalysis (16 steps, 5.6%) or diastereoselective
alkylation (11 steps, 8.6%) as key steps. Quite recently,
intermediate 2 has also been prepared in racemic form by
the Snider group (seven steps+ equilibration+ one step for
conversion of a diastereomer, 32%).[5]

We report a novel route to 2 that starts from known
compound 7 (Scheme 2),[6] which is readily available in
multigram quantities from inexpensive 6-methoxy-1-tetra-
lone (4) in 50% overall yield.[6,7] Intermediates 5, 6, and 7 are

crystalline and can be isolated without any chromatography.
The catalytic hydrogenation of 5 to 6might be performed with
a chiral catalyst, so that 7 should also be available as either
enantiomer. Another option is chiral resolution of carboxylic
acid 6.

Regio- and stereoselective addition of methylmagnesium
iodide under carefully controlled conditions converted 7 into
alcohol 8 (Scheme 3). Allylic bromination generated bromide
9 stereoselectively, which under basic conditions cyclized to
tetrahydrofuran 10.[8] For the 1,4-reduction of 10 to 12, Birch
conditions, sodium borohydride in methanol, and triethylsi-
lane/trifluoroacetic acid, among other things, were tried
without success. Finally, catalytic hydrogenation with Crab-
tree!s catalyst[9] furnished a separable 1.3:1 diastereomeric
mixture of 12 and 11. Selective monooxidation of 12 using an

Scheme 1. Retrosynthesis of Nicolaou and co-workers.[3, 4]

Scheme 2. Synthesis of tricycle 7. Reagents and conditions: a) Three
steps (86%; reference [7]: 54%); b) H2, Pd/C, EtOH (99%; refer-
ence [7]: 92%); c) SOCl2, DMF, toluene, RT, 3 h; d) TMSCHN2, THF;
hexane/EtOAc (10:1), SiO2, RT, 12 h; e) TFA, !20 8C, 1 h (three steps,
59%). DMF=N,N-dimethylformamide, TMS= trimethylsilyl, THF=
tetrahydrofuran, TFA= trifluoroacetic acid.

Scheme 3. Synthesis of Nicolaou’s key intermediate (2). Reagents and
conditions: a) MeMgI, THF, !78 8C, 4 h (71% brsm); b) NBS, (BzO)2,
CCl4, reflux, 90 min (75%); c) NaOMe, THF, 0 8C, 30 min (80%);
d) cat. [Ir(cod)Py(PCy3)]PF6, H2 (1 bar), CH2Cl2, over night, (78%
brsm), 12/11=1.3:1; alternatively: Pd/C (5%), KOH, EtOH, H2

(1 bar), 3 h (90%), 12/11=1:2; e) HIO3·DMSO, DMSO, cyclohexene,
50 8C, 8 h (60%). brsm=based on recovered starting material,
NBS=N-bromosuccinimide, Bz=benzoyl, cod=cyclooctadiene,
Py=pyridine, Cy=cyclohexyl, DMSO=dimethyl sulfoxide.
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Org. Lett. 2007, 4013formal, enantioselectiveNicolaou and co-workers. They reported the synthesis of its

analogue adamantaplatensimycin recently.4c Two other ra-

cemic syntheses5a,b and a related structure of the oxatetra-

cyclic core have also been reported.5c The above-mentioned

syntheses utilized an intramolecular etherification reaction

to construct the hydrophobic core of platensimycin. Very

recently, Yamamoto and co-workers reported an elegant

enantioselective route to (-)-platensimycin using an in-
tramolecular Robinson annulation as the key step.6 This

report has prompted us to publish our preliminary results

toward the total synthesis of (-)-platensimycin.
Our strategy, however, is based upon an intramolecular

Diels-Alder reaction of an appropriately functionalized
substrate to construct the oxatetracyclic core in a stereocon-

trolled manner. As shown in Figure 1, the oxatetracyclic core

2 can be formed by an intramolecular Diels-Alder reaction
of substrate 3. For preliminary investigation, we planned to

examine a Diels-Alder reaction with the mixture of E/Z
isomers as shown in 3. In principle, both expected products

can be converted to the oxatetracyclic core enone derivative.

Diels-Alder substrate 3 can be synthesized from ketone 4

by constructing the diene and dienophile moiety at each side

of the bicyclic ketone 4. Ketone 4 can be derived from the

lactone 5 by olefination of the lactone carbonyl followed by

hydroboration of the resulting olefin to set up the required

stereocenter. Lactone 5 will be synthesized starting from

commercially available (+)-carvone 6.

As shown in Scheme 1, commercially available (+)-
carvone 6 was transformed to the known lactone 5 by slight

modification of a literature procedure.7 Our initial Baeyer-
Villiger oxidation of lactone 5 with mCPBA proceeded very

slowly and the corresponding oxidation product was obtained

in poor yield (20%). However, lactone 5 was successfully

transformed into the corresponding ester in 89% yield by

using trifluoroperoxyacetic acid formed in situ from trifluo-

roacetic anhydride and the urea hydrogen peroxide complex

(UHP) at 0 °C for 5 h.8 Saponification of the resulting ester

furnished alcohol 7 in 90% yield. Protection of the alcohol

7 with TBSCl gave the silyl ether in quantitative yield. The

lactone was subjected to the Petasis olefination9 with Cp2-

TiMe2 in toluene at 90 °C to provide the corresponding enol

ether. Hydroboration of the resulting enol ether with 9-BBN

provided the desired primary alcohol 8 and its diastereomer

9 as a 2:1 mixture of diastereomers in 81% yield.10 The

diastereomers were separated by flash chromatography. The

major diastereomeric alcohol 8 was protected as the TBDPS

group to provide the corresponding bis-silyl ether in 98%

yield. Selective cleavage of the secondary TBS ether with a

catalytic amount of DDQ in 9:1 THF and water afforded

the secondary alcohol in 93% yield.11 Swern oxidation of

this alcohol provided ketone 10 in 96% yield.

The synthesis of substrate 3 is outlined in Scheme 2.

Installation of diene from ketone 10, required an olefin

(4) (a) Nicolaou, K. C.; Li, A.; Edmonds, D. J. Angew. Chem., Int. Ed.
2006, 45, 7086. (b) Nicolaou, K. C.; Li, A.; Edmonds, D. J.; Tria, G. S.
Angew. Chem., Int. Ed. 2007, 46, 3942. (c) Nicolaou, K. C.; Lister, T.;
Denton, R. M.; Montero, A.; Edmonds, D. J. Angew. Chem., Int. Ed. 2007,
46, 4712.
(5) (a) Zou, Y.; Chen, C.-H.; Taylor, C. D.; Foxman, B. M.; Snider, B.

B. Org. Lett. 2007, 9, 1825. (b) Nicolaou, K. C.; Tang, Y.; Wang, J. Chem.
Commun. 2007, 1922. (c) Kaliappan, K. P.; Ravikumar, V.Org. Lett. 2007,
9, 2417.
(6) Li, P.; Payette, J. N.; Yamamoto, H. J. Am. Chem. Soc. 2007, 129,

9534.

(7) (a) Srikrishna, A.; Hemamalini, P. J. Org. Chem. 1990, 55, 4883.
(b) Weinges, K.; Reichert, H. Synlett 1991, 785. (c) Weinges, K.; Reichert,
H.; Huber-Patz, U.; Irngartinger, H. Liebigs Ann. Chem. 1993, 403. (d)
Weinges, K.; Reichert, H.; Braun, R. Chem. Ber. 1994, 127, 549.
(8) Copper, M. S.; Heaney, H.; Newbold, A. J.; Sanderson, W. R.Synlett

1990, 533.
(9) (a) Petasis, N. A.; Bzowej, E. I. J. Am. Chem. Soc. 1990, 112, 6392.

(b) Dollinger, L. M.; Ndakala, A. J.; Hasshemzadeh, M.; Wang, G.; Wang,
Y.; Martinez, I.; Arcari, J. T.; Galluzzo, D. J.; Howell, A. R. J. Org. Chem.
1999, 64, 7074.
(10) Lambert, W. M.; Hanson, G. H.; Benayoud, F.; Burke, S. D. J.

Org. Chem. 2005, 70, 9382.
(11) (a) Crouch, R. D. Tetrahedron 2004, 60, 5833. (b) Tanemura, K.;

Suzuki, T.; Horaguchi, T. J. Chem. Soc., Perkin Trans. 1 1992, 2997.

Figure 1. Retrosynthetic analysis of (-)-platensimycin.

Scheme 1. Synthesis of Ketone 5
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with an E-configuration. The ketone carbonyl possesses an

R-methylene group on each side and the steric differentiation
is marginal. The presence of a ring junction methyl group

may be utilized to build selectivity. Our initial attempt at

selective olefination using Horner-Emmons olefination with
lithium hexamethyldisilazide and triethyl phosphonoacetate

provided only marginal selectivity (3:2, by 1H NMR analysis)

for the E-olefin. Thus, we relied upon asymmetric olefination

with a chiral phosphonoacetate reagent 11.12 Chiral phos-

phonate 11 was synthesized from transesterification of

trimethylphosphonoacetate with (+)-phenylnormenthol.13
The Horner-Emmons reaction of 10 with chiral phospho-
noacetate at -78 to -20 °C furnished a mixture (3.2:1 by
1H NMR analysis) of the corresponding unsaturated E- and

Z-esters in 93% yield. The E,Z mixture can be separated by

flash chromatography on silica gel with 10% Et2O in hexanes

as the eluent. DIBAL reduction of the E-unsaturated ester

afforded the desired allylic alcohol 12 in 86% yield. The

chiral ligand, (+)-phenylnormenthol, was recovered in 95%
yield. The protection of the allylic alcohol 12 as THP ether

followed by removal of the TBDPS group with TBAF in

THF generated alcohol 13 in 99% yield over 2 steps. Alcohol

13 was subjected to a Swern oxidation to provide the

corresponding aldehyde. Horner-Emmons olefination with
triethylphosphonoacetate furnished the dienophile moiety as

a mixture (5:1) of E/Z-unsaturated esters. Removal of the

THP group with camphorsulfonic acid in EtOH afforded

alcohol 14 in 65% overall yield. Alcohol 14 was converted

to the Diels-Alder substrate 3 in two steps involving (1)

Dess-Martin oxidation of the allylic alcohol to the corre-
sponding aldehyde and (2) Wittig olefination of the aldehyde

at -78 °C for 30 min. Triene derivative 3 was obtained in
77% yield over 2 steps as an inseparable mixture (1:1) of

E/Z enol ethers. This mixture was utilized for preliminary

investigation of the intramolecular Diels-Alder reaction.

As shown in Scheme 3, triene 3 was then subjected to a

thermal intramolecular Diels-Alder reaction. A dilute solu-
tion of substrate 3 in chlorobenzene (0.005 M) in the presence

of a catalytic amount of 2,6-di-tert-butyl-4-methylphenol

(BHT) as the radical inhibitor14 was heated in a sealed tube

at 200 °C for 2 h. The reaction was cooled to 23 °C, solvent

was evaporated, and silica gel chromatography provided the

Diels-Alder product 2 as a single isomer in 39% isolated

yield. The corresponding Z-enol ether (3-Z) was recovered

in 38% isolated yield. As shown in Scheme 3, the E-enol

ether substrate (3-E) successfully underwent a Diels-Alder
reaction to provide the oxatetracyclic core 2. The corre-

sponding Z-enol ether (3-Z) did not provide the Diels-Alder
product, presumably due to the developing nonbonded

(12) (a) Hatakeyama Satoh, K.; Sakurai, K.; Takano, S.Tetrahedron Lett.
1987, 28, 2713. (b) Gais, H.-J.; Schmiedl, G.; Ossenkamp, R. K. L. Liebigs
Ann. 1997, 2419.
(13) Refluxing a solution of (+)-phenylnormenthol (1 equiv), trimeth-

ylphosphonoacetate (3 equiv), and DMAP (0.3 equiv) in toluene for 3 days
provided 11 in 99% yield.

Scheme 2. Synthesis of Diels-Alder Substrate 3

Figure 2. The NOESY of compound 2.

Scheme 3. The Intramolecular Diels-Alder Reaction
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stereochemistry required for further molecular elaboration

of the naturally occurring form of platensimycin.

The successful conversion of 3 to 5 depended critically

on the use of triethylamine, which is an essential participant

in the reaction since in its absence no reaction occurs at

23 °C. Acceleration of the conjugate addition by triethy-

lamine is especially important because, at the higher tem-

peratures generally used for Rh-catalyzed conjugate additions

(ca. 100 °C), the intermediate 2-propenylrhodium is unstable

and undergoes reversible !-H elimination that eventually

generates the 1-propenyl conjugate adduct. We believe that

the strong catalysis by triethylamine may be due to its ability

to convert a dimeric Rh2(I)2+ species to Et3N+-Rh(BINAP)-

BF4- which could be the active catalyst. It is possible that

the remarkable acceleration by triethylamine will prove to

be generally useful and allow the realization of high

enantioselectivities at ambient temperature; this point is under

investigation.

The next stage of the synthesis involving reduction of the

carbonyl group of 5, hydroxyl protection, and reductive

cleavage of the ethylene ketal subunit was accomplished very

efficiently without purification of intermediates and provided

the chiral cis-tetralin 6, as detailed in Scheme 1. Demethy-

lation of the methoxy group of 6 occurred quantitatively to

form the corresponding phenol 7 which was then converted

to the phenolic triisopropylsilyl (TIPS) ether. Reaction of

this silyl ether with Br2 in CH2Cl2 at-78 °C was remarkably
clean and diastereoselective and led to a predominant (>10:1
ratio) bromoether, 8 (84% overall from 7). The assignment

of relative configuration at the quaternary stereocenter in 8

followed from 1H NMR NOE experiments (Figure 1) and

also from the clean conversion to the tetracyclic dienone 9

in a single step by heating with tetra-n-butylammonium

fluoride in THF at 130 °C (88% isolated yield).

Diastereoselective hydrogenation of9 over the catalyst Rh-

(COD)2BF4-(R,R)-DIOP ((4R,5R)-(-)-O-isopropylidine-2,3-
dihydroxy-1,4-bis(diphenylphosphino)butane) (Strem Chemi-

cals) produced the tetrahydro derivative 10 in 72% isolated

yield along with a small amount of the diastereomer at the

carbon ! to the carbonyl function. Although the same product
could be produced stereospecifically by the reduction of

dihydro-9 with Li in liquid NH3-THF at -78 °C, this

reduction proceeded with concomitant formation of a byprod-

uct from reductive cleavage of the bond between the ether

oxygen and the carbon γ to the carbonyl group.

The saturated ketone 10 was transformed into the corre-

sponding R,!-enone 11 using the 2-iodoxybenzoic acid (IBX)
sequence of Nicolaou and co-workers.8 Specifically, the

ketone 9 was treated with excess trimethylamine9 and

(8) (a) Nicolaou, K. C.; Gray, D. L. F.; Montagnon, T.; Harrison, S. T.
Angew. Chem., Int. Ed. 2002, 41, 996-1000. (b) Nicolaou, K. C.; Zhong,
Y.-L.; Baran, P. S. J. Am. Chem. Soc. 2000, 122, 7596-7597.

Scheme 1

Figure 1. Observed NOE interactions for bromoether 8.
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wave-irradiation conditions in AcOH/H2O (5:1) at 80 8C to
furnish dienone aldehyde 4 in 85% yield.

The next objective was the forging of the final carbocyclic
ring within the tetracyclic skeleton of 2. For the accomplish-
ment of this goal, an intramolecular Stetter reaction[3d,7] and a
SmI2-mediated[3a,8] radical cyclization were the available
options. Thus, a Stetter reaction of aldehyde 4 catalyzed by
thiazolium salt 11[7] in an ethanolic solution containing Et3N
yielded an inseparable mixture of C9 epimeric diketones 3a
and 3b in 65% combined yield (3a/3b ca. 5:1; scheme 3).
Interestingly, however, treatment of 4 with SmI2 in THF/
MeOH at room temperature resulted in the formation of
hydroxy ketone 12 possessing the undesired C9 configuration
as a single stereoisomer in 57% yield. A chelated transition
state (18, Scheme 4a) is postulated as a plausible explanation
for this highly stereoselective process. Accessing greater
quantities of the desired C9 stereoisomer was realized
through a base-mediated (KOH) equilibration process.

While diketone 3a proved unstable and hydroxy ketone 12
appeared resistant to epimerization under the basic condi-
tions employed (KOH/MeOH), ester ketone 13, obtained
through Mitsunobu inversion of the C5 hydroxy group
(p-NO2C6H4CO2H/DIAD/PPh3, 67% yield) within 12, under-
went smooth and facile equilibration in the presence of KOH
with concomitant p-nitrobenzoate ester hydrolysis, to afford a
readily separable mixture of C9 epimers (14a/14b ca. 1.1:1,
91% yield). As seen in Scheme 4, this substrate-dependent
epimerization could be rationalized by the apparent slight
preference for the equatorially oriented C5 hydroxy group,

Scheme 2. Synthesis of dienone aldehyde 4. Reagents and conditions:
a) CeCl3 (1.1 equiv), THF, 1 h; then 8 (1.0 equiv), 0!23 8C, 3 h;
b) PCC (2.2 equiv), silica gel, CH2Cl2, 2 h, 90% for the two steps;
c) Hg(OAc)2 (1.1 equiv), THF/H2O (1:1), 23 8C, 30 min, NaBH4

(0.8 equiv), 20 8C, 45 min, 5a : 31%, 5b/5b’: 30%, 6 : 20%; d) Martin’s
sulfurane (1.1 equiv), CH2Cl2, 23 8C, 12 h; e) LiI (2.5 equiv), TMSCl
(2.5 equiv), HMDS (5.0 equiv), CH2Cl2, !35!23 8C, 3 h; then PhSeCl
(1.15 equiv), CH2Cl2, !78 8C, 30 min, 42% for the two steps; f) 30%
aq H2O2 (10.0 equiv), Py (2.5 equiv), CH2Cl2, 0 8C, 1.5 h, 85%;
g) AcOH/H2O (5:1), 80 8C, microwave, 65 min, 85%. PCC=pyridinium
chlorochromate; TMS= trimethylsilyl; HMDS=hexamethyldisilazane;
Py=pyridine.

Scheme 3. Synthesis of tetracyclic enone 2. Reagents and conditions:
a) 11 (0.2 equiv), Et3N (1.2 equiv), EtOH, 80 8C, 18 h, 65% (3a/3b
ca. 5:1); b) SmI2 (0.1m in THF, 2.2 equiv), MeOH (2.5 equiv), 23 8C,
THF (0.032m), 2 min, 57%; c) p-nitrobenzoic acid (1.5 equiv), PPh3

(1.5 equiv), DIAD (3.4 equiv), benzene, 23 8C, 2 h, 67%; d) KOH (10%
in MeOH), 50 8C, 5 h, 14a : 46%, 14b : 45%; e) L-selectride (1.0m in
THF, 4.0 equiv), THF, !78!23 8C, 2 h; then 1n aq HCl, 0!23 8C, 2 h,
80%; f) PCC (2.0 equiv), CH2Cl2, 23 8C, 1.5 h, 95%; g) TMSCl
(3.3 equiv), LiI (3.3 equiv), HMDS (5.0 equiv), CH2Cl2, 0 8C, 3 h;
h) 1. IBX (1.5 equiv), MPO (1.5 equiv), DMSO, 23 8C, 2 h, 2 : 53%, 17:
26%; or 2. Pd(OAc)2 (1.0 equiv), CH3CN, 23 8C, 5 h, 2 : 60%, 17: 30%;
DIAD=diisopropyl azodicarboxylate; IBX=o-iodoxybenzoic acid;
MPO=4-methoxypyridine-N-oxide.
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by the first racemic and later asymmetric total syntheses by

Nicolaou’s group.3

As part of our interest in the synthesis of antibiotic natural

products,4 and our quest to develop an efficient enantiose-

lective synthesis of platensimycin, we devised the retrosyn-

thetic strategy as shown in Scheme 1. Our approach involves

a 5-exo-trig radical cyclization as an important key step for

the synthesis of the oxatetracyclic core of platensimycin.5

When we were near to the completion of our model study

(vide infra), a couple of formal syntheses of racemic platensi-

mysin were published6 using a similar radical cyclization

reaction as the key step; this has prompted us to disclose

our initial results toward the synthesis of platensimycin.

Our proposed retrosynthetic analysis is delineated in

Scheme 1. We envisaged that the total synthesis of platen-

simycin would be achieved by dialkylation of the enone 2

and subsequent attachment of the aromatic portion. The

enone 2 could then be obtained by allylic oxidation of alkene

3, which, in turn, could be easily synthesized by an intra-

molecular etherification of dienone 4, as employed by

Nicolaou.3 The dienone 4 could be derived from the

dienynone 5 by a 5-exo-trig radical cyclization. Enone 5

could be made from the corresponding alcohol 6, which

could be obtained from the aldehyde 7 in a couple of steps.

Aldehyde 7 could be traced back to the enedione 9 via the

vinyl ether 8 using Claisen rearrangement7 as a key step.

Before executing the proposed sequence of reactions

starting from the diketone 9 as depicted in the Scheme 1,

we decided to weigh the feasibility of these reactions using

the well-known chiral Wieland-Miescher ketone 10.8 Ac-
cordingly, we began a model study for the enantioselective

synthesis of the oxatetracyclic core of platensimycin (Scheme

2) with the preparation of enone 11 by a regio- and

stereoselective reduction of Wieland-Miescher ketone 10
with NaBH4 in EtOH at 0 °C.9 The resultant sec-alcohol was

protected as its TBS-ether to yield 11 in 73% yield for two

steps. The reduction of ketone 11 with DIBAL-H yielded

the allylic alcohol 12 along with its epimer in 96:4 ratio as

an inseparable diastereomeric mixture.10 The stereochemistry

of this alcohol was very crucial for the subsequent transposi-

tion step to obtain the cis-fused decalin derivative. After

preparing the known allylic alcohol 12, our next task was to

convert this alcohol to aldehyde 15. Toward this end, we

needed to prepare the allyl-vinyl ether 13, required for the
Claisen rearrangement, and to our dismay, treatment of allylic

alcohol 12 with ethylvinylether and Hg(OAc)2 in the presence

of NaOAc gave 13 in poor yield. Alternatively, when the

Johnson-Claisen rearrangement11 and the Ireland-Claisen
rearrangement12 were attempted on the alcohol 12, yet again,

these reactions did not lead to the required products.

Finally we were relieved to see that the protocol developed

by Mandai13 worked very well for this transformation.

(3) (a) Nicolaou, K. C.; Li, A.; Edmonds, D. J. Angew. Chem., Int. Ed.
2006, 45, 7086-7090. (b) Nicolaou, K. C.; Edmonds, D. J.; Li, A. Angew.
Chem., Int. Ed. 2007, 46, DOI: 10.1002/anie200700586.
(4) Kaliappan, K. P.; Ravikumar, V. Synlett 2007, 977-979.
(5) For selected examples of similar 5-exo-trig cyclization, see: (a) Stork,

G.; Tang, P. C.; Casey, M.; Goodman, B.; Toyota, M. J. Am. Chem. Soc.
2005, 127, 16255-16262. (b) Janardhanam, S.; Shanmugam, P.; Rajago-
palan, K. J. Org. Chem. 1993, 58, 7782-7788.
(6) (a) Zou, Y.; Chen, C. -H.; Taylor, C. D.; Foxman, B. M.; Snider, B.

B. Org. Lett. 2007, 9, 1825-1828. (b) Nicolaou, K. C.; Tang, Y.; Wang.
Chem. Commun. 2007, DOI: 10.1039/b704589a

(7) (a) Claisen, L. Ber. Dtsch. Chem. Ges. 1912, 45, 3157. (b)
Burgstahler, A. W.; Nordin, I. C. J. Am. Chem. Soc. 1961, 83, 198-206.
(8) Harada, N.; Sugioka, T.; Uda, H.; Kuriki, T. Synthesis 1990, 53-

56.
(9) Yeo, S. -K.; Hatae, N.; Seki, M.; Kanematsu, K. Tetrahedron 1995,

51, 3499-3506.
(10) Boyer, F. -D.; Ducrot, P. -H. Synthesis 2000, 1868-1877.
(11) (a) Johnson, W. S.; Werthemann, L.; Bartlett, W. R.; Brocksom, T.

J.; Li, T.-t.; Faulkner, D. J.; Petersen, M. R. J. Am. Chem. Soc. 1970, 92,
741-743. (b) Johnson, W. S.; Brocksom, T. J.; Loew, P.; Rich, D. H.;
Werthemann, L.; Arnold, R. A.; Li, T.-t.; Faulkner, D. J. J. Am. Chem.
Soc. 1970, 92, 4463-4464.
(12) Ireland, R. E.; Mueller, R. H. J. Am. Chem. Soc. 1972, 94, 5897-

5898.

Scheme 1. Retrosynthetic Analysis of Platensimycin

Scheme 2. Synthesis of Aldehyde 15
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Accordingly, the allylic alcohol 12 was reacted with phen-

ylvinyl sulfoxide14 in the presence of NaH and a catalytic

amount of KH to afford the sulfoxide 14 in 89% yield

(Scheme 2). The sulfoxide on heating with decalin at 180

°C for 5 days yielded the aldehyde 15 in 59% yield. The

aldehyde 15 on treatment with Ohira-Bestmann reagent 16
and K2CO3 in MeOH provided the enyne 17.15 However,

removal of the TBS group from 17 was not as easy as we

thought; even after stirring for 5 days with TBAF the reaction

was incomplete. Finally, it was successfully removed by

treatment with TBAF in refluxing THF which afforded the

alcohol 18 in 89% yield along with a trace amount of its

epimer 19, which could be separated at this stage. Neverthe-

less, separation was not necessary as the next step was to

oxidize both the epimers to the ketone and subsequently

introduce a double bond. These two reactions were carried

out in a single step following Nicolaou’s protocol.16 Ac-

cordingly, when the mixture of alcohols was treated with

IBX at 65 °C for 36 h, the desired enone 21 was obtained

in 39% yield along with the ketone 20 in 43% yield. The

ketone 20 was separated and on further treatment with IBX

furnished the enone in 84% yield based on 52% conversion

(Scheme 3).

The synthesis of enone 21 set the stage for the pivotal

5-exo-trig radical cyclization. Initially, when we attempted

the crucial radical cyclization reaction with TBTH and AIBN

in benzene at reflux for 1h followed by destannation, a

mixture of several products along with the required product

was obtained in 23% yield. However, this reaction proceeded

smoothly when tBuOH was used as the solvent, and only

the requisite vinyl stannane (Scheme 4)5a was obtained as a

single product. After concentrating the reaction mixture, the

crude product was treated with PTSA in CH2Cl2 for 6 h at

room temperature to afford the unsaturated ketone22 in 56%

yield for two steps.5b Our initital attempts to reduce ketone

22 with DIBAL-H furnished the undesired stereoisomer as

the major product. However, the reduction of ketone22 using

L-Selectride, as reported,6 afforded the desired alcohol 23

in 70% yield based on 52% conversion as a major isomer in

20:1 ratio which was confirmed by 1H NMR spectroscopy.

Subsequently, intramolecular etherification was successfully

accomplished with TFA to obtain the oxatetracyclic core

structure of platensimycin in 83% yield.

In conclusion, an enantioselective route for the synthe-

sis of the oxatetracyclic core of platensimycin has been

accomplished employing Claisen rearrangement, 5-exo-trig

cyclization and intramolecular etherification as key reactions.

Efforts are underway to extend this strategy for the enantio-

selective total synthesis of platensimycin.

Acknowledgment. Authors acknowledge DST, New

Delhi, for financial support and SAIF, IIT Bombay, for

providing spectral facilities. V.R.K. thanks CSIR, New Delhi,

for a fellowship.

Supporting Information Available: Experimental pro-

cedures and spectroscopic data. This material is available

free of charge via the Internet at http://pubs.acs.org.

OL070848T

(13) Mandai, T.; Ueda, M.; Hasegawa, S. -I.; Kawada, M.; Tsuji, J.
Tetrahedron Lett. 1990, 31, 4041-4044.
(14) Paquette, L. A.; Carr, R. V. C. Organic Syntheses; Wiley: New

York, 1990; Collective Vol. VII, p 453.
(15) (a) Ohira, S. Synth. Commun. 1989, 19, 561-564. (b) Muller, S.;

Liepold, B.; Roth, G. J.; Bestmann, H. J. Synlett 1996, 521-522.
(16) Nicolaou, K. C.; Montagnon, T.; Baran, P. S.; Zhong, Y.-L. J. Am.

Chem. Soc. 2002, 124, 2245-2258.

Scheme 3. Synthesis of Dienynone 21

Scheme 4. Synthesis of Oxatetracyclic Core 24

Org. Lett., Vol. 9, No. 12, 2007 2419

2007, April : Kaliappan

Org. Lett. 2007, 2417formal, enantioselective



2007, April : Kaliappan

Org. Lett. 2007, 2417formal, enantioselective

Accordingly, the allylic alcohol 12 was reacted with phen-

ylvinyl sulfoxide14 in the presence of NaH and a catalytic

amount of KH to afford the sulfoxide 14 in 89% yield

(Scheme 2). The sulfoxide on heating with decalin at 180

°C for 5 days yielded the aldehyde 15 in 59% yield. The

aldehyde 15 on treatment with Ohira-Bestmann reagent 16
and K2CO3 in MeOH provided the enyne 17.15 However,

removal of the TBS group from 17 was not as easy as we

thought; even after stirring for 5 days with TBAF the reaction

was incomplete. Finally, it was successfully removed by

treatment with TBAF in refluxing THF which afforded the

alcohol 18 in 89% yield along with a trace amount of its

epimer 19, which could be separated at this stage. Neverthe-

less, separation was not necessary as the next step was to

oxidize both the epimers to the ketone and subsequently

introduce a double bond. These two reactions were carried

out in a single step following Nicolaou’s protocol.16 Ac-

cordingly, when the mixture of alcohols was treated with

IBX at 65 °C for 36 h, the desired enone 21 was obtained

in 39% yield along with the ketone 20 in 43% yield. The

ketone 20 was separated and on further treatment with IBX

furnished the enone in 84% yield based on 52% conversion

(Scheme 3).

The synthesis of enone 21 set the stage for the pivotal

5-exo-trig radical cyclization. Initially, when we attempted

the crucial radical cyclization reaction with TBTH and AIBN

in benzene at reflux for 1h followed by destannation, a

mixture of several products along with the required product

was obtained in 23% yield. However, this reaction proceeded

smoothly when tBuOH was used as the solvent, and only

the requisite vinyl stannane (Scheme 4)5a was obtained as a

single product. After concentrating the reaction mixture, the

crude product was treated with PTSA in CH2Cl2 for 6 h at

room temperature to afford the unsaturated ketone22 in 56%

yield for two steps.5b Our initital attempts to reduce ketone

22 with DIBAL-H furnished the undesired stereoisomer as

the major product. However, the reduction of ketone22 using

L-Selectride, as reported,6 afforded the desired alcohol 23

in 70% yield based on 52% conversion as a major isomer in

20:1 ratio which was confirmed by 1H NMR spectroscopy.

Subsequently, intramolecular etherification was successfully

accomplished with TFA to obtain the oxatetracyclic core

structure of platensimycin in 83% yield.

In conclusion, an enantioselective route for the synthe-

sis of the oxatetracyclic core of platensimycin has been

accomplished employing Claisen rearrangement, 5-exo-trig

cyclization and intramolecular etherification as key reactions.

Efforts are underway to extend this strategy for the enantio-

selective total synthesis of platensimycin.

Acknowledgment. Authors acknowledge DST, New

Delhi, for financial support and SAIF, IIT Bombay, for

providing spectral facilities. V.R.K. thanks CSIR, New Delhi,

for a fellowship.

Supporting Information Available: Experimental pro-

cedures and spectroscopic data. This material is available

free of charge via the Internet at http://pubs.acs.org.

OL070848T

(13) Mandai, T.; Ueda, M.; Hasegawa, S. -I.; Kawada, M.; Tsuji, J.
Tetrahedron Lett. 1990, 31, 4041-4044.
(14) Paquette, L. A.; Carr, R. V. C. Organic Syntheses; Wiley: New

York, 1990; Collective Vol. VII, p 453.
(15) (a) Ohira, S. Synth. Commun. 1989, 19, 561-564. (b) Muller, S.;

Liepold, B.; Roth, G. J.; Bestmann, H. J. Synlett 1996, 521-522.
(16) Nicolaou, K. C.; Montagnon, T.; Baran, P. S.; Zhong, Y.-L. J. Am.

Chem. Soc. 2002, 124, 2245-2258.

Scheme 3. Synthesis of Dienynone 21

Scheme 4. Synthesis of Oxatetracyclic Core 24

Org. Lett., Vol. 9, No. 12, 2007 2419



Adamentaplatensimycin

ACIE 2007, 4712

Platensimycin
DOI: 10.1002/anie.200701548

Adamantaplatensimycin: A Bioactive Analogue of Platensimycin**
K. C. Nicolaou,* Troy Lister, Ross M. Denton, Ana Montero, and David J. Edmonds

Dedicated to Professor Yoshito Kishi on the occasion of his 70th birthday

Antibacterial resistance is recognized as a worldwide problem
in the management of infectious disease. Moreover, during
the last two decades the number of new antibacterial agents
that have reached the marketplace has decreased whilst
resistance to existing antibiotics has increased. Thus, there is
an urgent need for new types of antibiotics that exert their
activity through novel mechanisms of action.

Isolated from a strain of Streptomyces platensis, platensi-
mycin ((!)-1, Figure 1)[1, 2] is a newly discovered antibiotic
that displays potent activity against Gram-positive bacterial

strains that include methicillin-resistant Staphylococcus
aureus (MRSA), vancomycin intermediate Staphylococcus
aureus, and vancomycin-resistant Enterococcus faecium
(VREF). Platensimycin operates through a novel mechanism
of action that involves inhibition of the elongation-condens-
ing enzymes b-ketoacyl-(acyl carrier protein) synthases I/II
(FabF/B) in the type II bacterial fatty acid biosynthetic
pathway by binding to the acyl–enzyme intermediate

involved.[1] The synthetic challenge posed by the cagelike
domain of (!)-1[3,4] led us to design adamantaplatensimycin
((!)-2), in which the adamantyl moiety represents an
approximately isosteric, but more synthetically accessible
cage of the ketolide domain of the molecule. Herein we report
the synthesis and biological evaluation of racemic adaman-
taplatensimycin ((" )-2) and each of its pure enantiomers
(!)-2 and (+)-2.

The synthesis of (" )-2 began with the radical conjugate
addition of commercially available bromoadamantane (3) to
methyl acrylate to afford the adamantyl ester 4 as shown in
Scheme 1.[5] Conversion of 4 into the requisite symmetric
diazoketone 5 was then carried out by saponification, acyl
chloride formation, and treatment of the latter intermediate
with freshly prepared diazoethane[6] (51%, over four steps).
Decomposition of diazoketone 5 in the presence of a catalytic
amount of Rh2(OAc)4 provided the expected C!H bond
insertion product (" )-6 as a single diastereoisomer in 65%

Figure 1. Structures of platensimycin ((!)-1) and adamantaplatensimy-
cins (!)-2 and (+)-2.

Scheme 1. Synthesis of the adamantyl cage alkene (" )-8. Reagents
and conditions: a) methylacrylate (2.0 equiv), AIBN (0.05 equiv),
nBu3SnH (1.2 equiv), toluene, reflux, 2 h; b) KOH (6.0 equiv), MeOH/
H2O (10:1), 22 8C, 12 h; c) (COCl)2 (1.2 equiv), DMF (1 drop), CH2Cl2,
0!22 8C, 2 h; d) CH3CHN2 (excess), THF, 0 8C, 30 min, 51% over
4 steps; e) Rh2(OAc)4 (3 mol%), CH2Cl2, 22 8C, 12 h, 65%; f) LDA
(1.2 equiv), THF, !78 8C, 30 min; then PhSeBr (1.2 equiv), !78 8C,
30 min; g) H2O2 (30% aq, excess), pyridine (excess), CH2Cl2, 22 8C,
2 h, 88%; h) KHMDS (4.0 equiv), HMPA (excess), THF, !78 8C; then
allyliodide (8.0 equiv), !78!!10 8C, 1 h, 86%. AIBN=2,2’-azobisiso-
butyronitrile, DMF=N,N-dimethylformamide, HMPA=hexamethyl
phosphoramide, LDA= lithium diisopropylamide, KHMDS=potassium
bis(trimethylsilyl)amide.
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yield. Conversion of this intermediate into the corresponding
enone (! )-7 was straightforward and involved a selenylation
(PhSeBr) of its kinetic lithium enolate (LDA, "78 8C),
followed by oxidation/syn elimination of the selenide so
obtained (88% overall yield). Finally, allylation of (! )-7
through the corresponding potassium enolate (KHMDS,
"78 8C) with allyliodide gave the adamantaplatensimycin
cage (! )-8 as a single diastereoisomer in 86% yield.

The completion of the synthesis of (! )-2 was carried out
in an analogous manner to that reported for platensimycin
(1),[3] as shown in Scheme 2. Thus, formation of the carboxylic
acid coupling partner (! )-12 was achieved in three steps and
75% overall yield through 1) cross-metathesis of (! )-8 with
vinyl boronate 10,[7] and 2) oxidation of the so-derived
alkenylboronate esters (! )-11 (ca. 3:1 mixture of E/Z isom-
ers), first with Me3NO to afford the corresponding aldehyde,
and then with NaClO2. HATU-induced coupling of the
carboxylic acid (! )-12 with aniline 13[3] afforded the pro-
tected adamantaplatensimycin (! )-14, which was converted
into racemic (! )-2 (m.p. 213–217 8C, EtOAc/hexanes) by the
indicated one-pot sequence, which involved ester hydrolysis
(LiOH) and cleavage of the MOM groups (aq HCl; 65% for
two steps).

The resolution of the carboxylic acid (! )-12 and the
synthesis of both enantiomers of adamantaplatensimycin in
pure form is described in Scheme 3. Thus, formation of the
menthol esters derived from (! )-12 (DCC, DMAP, (")-

menthol, 88% combined yield), and separation of the
diastereoisomers so obtained by HPLC on a chiral stationary
phase, followed by ester cleavage, led to the enantiomerically
pure carboxylic acids (")-12 ([a]D="30.9 (c= 0.11, MeOH)
and (+)-12 ([a]D=+ 31.2, c= 0.13, MeOH). Coupling of each
of these acids with aniline 13,[3] followed by further elabo-

ration in accordance with the con-
ditions described above, led to
(")-2 (m.p. 213–215 8C, EtOAc/
hexanes, [a]D="75.9, c= 0.10,
MeOH; Table 2) and (+)-2
(m.p. 214–216 8C, EtOAc/hexanes,
[a]D=+ 76.2, c= 0.13, MeOH) in
similar yields to those described
for (! )-2. The structure of (")-
adamantaplatensimycin ((")-2)
was proved unambiguously by X-
ray analysis (Figure 2).[8]

The synthesized adamantapla-
tensimycins were tested against
MRSA and VREF, and their mini-
mum inhibitory concentrations
(MIC) are displayed in Table 1.
As can be seen from Table 1, (")-2
exhibits activity of the same order
of magnitude (1.3–1.8 mgmL"1)
against MRSA and VREF as (")-
platensimycin ((")-1, 0.2–0.4 for
MRSA and 0.4–0.8 for VREF),
while (+)-2 shows no activity
against these bacterial strains at

concentrations up to 88 mgmL"1. Racemic adamantaplatensi-
mycin ((! )-2) exhibited half the activity of its biologically
active enantiomer (")-2. It should be noted that the potency
of (")-2 against MRSA and VREF is comparable to that
reported for linezolid (2–4 mgmL"1),[9] a widely used anti-
bacterial agent.

Scheme 2. Synthesis of racemic adamantaplatensimycin ((! )-2). Reagents and conditions: a) 9
(5 mol%), 10 (5.0 equiv), benzene, reflux, 30 min; b) Me3NO (5.0 equiv), THF, 65 8C, 2 h; c) NaClO2

(3.0 equiv), NaH2PO4 (5.0 equiv), 2,3-dimethylbutene (10 equiv), tBuOH/H2O (1:1), 22 8C, 10 min,
75% over 3 steps; d) 13 (2.0 equiv), HATU (4.0 equiv) Et3N (6.0 equiv), DMF, 22 8C, 12 h; e) aq LiOH
(2n, 30 equiv), THF, 22 8C, 3 h; then aq HCl (2n, 60 equiv), THF, 22 8C, 12 h, 65% over 2 steps.
Cy= cyclobutyl, HATU=O-(7-azabenzotriazol-1-yl)-N,N,N’,N’-tetramethyluronium hexafluorophos-
phate, Mes=2,4,6-trimethylphenyl, MOM=methoxymethyl.

Scheme 3. Resolution of carboxylic acid (! )-12 and synthesis of (+)-2
and (")-2. Reagents and conditions: a) DCC (1.2 equiv), (")-menthol
(1.5 equiv), DMAP (0.1 equiv), CH2Cl2, 22 8C, 1 h; b) Chiralcel OD-H,
0.5% isopropyl alcohol/hexanes; c) aq KOH (1n, 6.0 equiv), MeOH/
H2O (10:1), 22 8C, 6 h, 85% over 3 steps. DCC=N,N’-dicyclohexylcar-
bodiimide, DMAP=4-dimethylaminopyridine.
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The recent isolation of platensimycin (1, Figure 1)1 has attracted

considerable interest from both biological and chemical circles due

to its unique pharmacological profile. Indeed, platensimycin is the

first antibiotic discovered in over 40 years that exerts its antibacterial

effect through a novel mechanism of action, manifested by its

impressive activity against a variety of drug-resistant bacteria,

including methicilin- and vancomycin-resistant strains.1 As such,

platensimycin represents a unique opportunity for the development

of critically needed antibiotics. The complex molecular architecture

and exquisite antibacterial activity render platensimycin a worthy

target for chemical synthesis, and syntheses of both the racemate

and natural (-)-enantiomer have been reported.2 Additionally, its
first bioactive designed analogue, adamantaplatensimycin (2, Figure

1), has been disclosed from these laboratories.3 In this communica-

tion, we report the total synthesis and antibacterial properties of

carbaplatensimycin (3, Figure 1), the all-carbon-cage isostere of

the natural product.

Platensimycin eradicates bacteria through the selective inhibition

of the elongation-condensing enzyme !-ketoacyl-(acyl carrier
protein) synthases I/II (Fab F/B) in the type II bacterial fatty acid

biosynthetic pathway. X-ray crystallographic analysis of the plat-

ensimycin complex with its target FabF protein indicates a hydrogen

bonding interaction between the ether oxygen of the molecule and

the T270 threonine residue of its target. It was with the aim of

investigating the effect of this ethereal hydrogen bond acceptor on

the platensimycin bioactivity that the synthesis of carbaplatensi-

mycin (3) was undertaken.

For the chemical synthesis of carbaplatensimycin, we made use

of aldehyde 4, an intermediate employed in the asymmetric

synthesis of platensimycin,2b which was readily obtained in

enantiomerically enriched form (ee > 98%) in eight steps (42%

overall yield) from known 3-(2-dioxolanyl)propionic acid. This

intermediate was first converted to carbocycle 15 as shown in

Scheme 1. Thus, addition of TMSCN to intermediate 4 in the

presence of Et3N furnished TMS-protected cyanohydrin 5.

Subsequent removal of the silyl protecting group, followed by

treatment of the resulting free cyanohydrin with ethyl vinyl ether

in the presence of PPTS furnished 1-ethoxyethyl (EE) ether 7 in

80% overall yield for the three steps (and as an inconsequential

1:1:1:1 mixture of epimers at C10 and the acetal carbon of the EE

group). Treatment of 7 with KHMDS at low temperature, followed

by warming to 0 °C, induced intramolecular conjugate addition of

the transient anion so generated onto the bisenone subunit to afford

tricycle 8 in 70% yield and as a single epimer at C10. Wittig

olefination of the latter intermediate gave triene 9 (92% yield), the

newly introduced double bond serving as a temporary protecting

device for the required carbonyl functionality.4

Reduction of the nitrile moiety present in 9 with Red-Al ensured

the formation of aldehyde 10 (90% yield), from which the EE-

protected alcohol was excised through the action of SmI2. Pleas-

ingly, this reaction proceeded smoothly and with inversion of

configuration at the formyl-bearing stereocenter to afford aldehyde

11 as the desired C10 epimer in high yield (92%). Reduction of

this aldehyde to alcohol 12 (NaBH4, 99% yield) was followed by

a Barton-McCombie deoxygenation5 of the corresponding xanthate
ester (13) to furnish hydrocarbon 14 in 65% overall yield for the

two steps. Finally, a two-step protocol involving regioselective

dihydroxylation (cat. OsO4, NMO) of the exocyclic olefin, followed

by oxidative cleavage of the resulting diol with NaIO4, revealed

key carbocyclic enone 15 in 72% overall yield.

The completion of the synthesis of carbaplatensimycin (3)

followed a similar pathway to that previously employed in the

syntheses of platensimycin and adamantaplatensimycin (Scheme

2).2a,b,3 Thus, enone 15 was sequentially alkylated with MeI (92%

yield) and allyl iodide (87% yield) [KHMDS, THF/HMPA (5:1),

-78 f -10 °C] to afford advanced intermediate 16. Cross-

metathesis of the latter compound with excess boronate 17 was

achieved using Grubbs’ second generation catalyst to furnish vinyl

boronate 18 in 85% yield (and as a 6:1 mixture of E:Z isomers).6

Boronate cleavage using Me3NO as the oxidant led to clean

formation of aldehyde 19 (85% yield),6a which was subsequently

transformed into carboxylic acid 20 through a Pinnick oxidation

(95%). Finally, coupling of acid 20 with aniline 212a gave protected

intermediate 22 (80% yield), which, after sequential treatment with

aqueous LiOH and aqueous HCl, yielded the targeted compound,

carbaplatensimycin (3), in 82% overall yield. Crystallization of

carbaplatensimycin from acetone/hexanes gave colorless crystals

(mp 217-219 °C) that were used to prove unambiguously its

structure by X-ray crystallographic analysis (see ORTEP drawing,

Figure 1).

The antibacterial activity of carbaplatensimycin (3) against an

array of bacterial strains, including methicilin-resistant Staphylo-

coccus aureus (MRSA) and vancomycin-resistant Enterococcus

faecium (VREF), was determined and compared to those of

platensimycin (1) and adamantaplatensimycin (2). As shown in

Table 1, the minimum inhibitory activities (MIC) for the new

Figure 1. Structures of platensimycin (1), adamantaplatensimycin (2), and
carbaplatensimycin (3) and ORTEP view of 3 with the thermal ellipsoids
at 30% probability level.
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analogue (3) against a number of Gram-positive bacteria lie in the

same order of magnitude as those of the natural product (1) and

adamantaplatensimycin (2). For example, the MIC values for 1, 2,

and 3 against MRSA were found to be 0.2-0.4, 1.3-1.8, and 1.1-
2.2 µg mL-1, respectively, while the corresponding values against

VREF for these compounds are 0.4-0.8, 1.3-1.8, and 1.1-2.2
µg mL-1. However, the similar potency of carbaplatensimycin (3)

against these bacteria to that of adamantaplatensimycin (2) indicates

the important contribution of the ether oxygen of the natural product

to its antibacterial activity. All three platensimycins (1-3) were
tested and found inactive (MIC > 88 µg mL-1) against the

following Gram-negative bacterial strains: E. coli, B. cepacia, S.

typhimurium, P. aeruginosa.

The reported synthesis of carbaplatensimycin (3) adds a new,

bioactive platensimycin analogue to this promising class of antibiot-

ics. At the same time, these investigations confirmed the positive

role that the ether oxygen plays in the biological activity of

platensimycin. This information may prove useful in the rational

design of new antibacterial agents based on the platensimycin lead

structure.
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Scheme 1. Construction of Carbocyclic Core Intermediate 15a

a Reagents and conditions: (a) TMSCN (1.5 equiv), Et3N (0.5 equiv),
CH2Cl2, 25 °C, 1 h; (b) TBAF (1.0 M in THF, 1.5 equiv), THF, 25 °C, 1
h; (c) ethyl vinyl ether (excess), PPTS (0.5 equiv), CH2Cl2, 25 °C, 12 h,
80% over 3 steps; (d) KHMDS (0.5 M in toluene, 1.5 equiv), THF, -78f
25 °C, 0.5 h, 70%; (e) CH3PPh3Br (2.5 equiv), KHMDS (0.5 M in toluene,
2.0 equiv), THF, -78f 0 °C, 1 h, 92%; (f) Red-Al (3.5 M in toluene, 5.0
equiv), THF, -20f 25 °C, 6 h, 90%; (g) SmI2 (0.1 M in THF, 2.5 equiv),
THF:t-BuOH (10:1),-10f 25 °C, 2 h, 92%; (h) NaBH4 (1.5 equiv), THF:
CH3OH (2:1), 0 f 25 °C, 30 min, 99%; (i) CS2 (3.0 equiv), KHMDS (0.5
M in toluene, 3.0 equiv), THF, -78 f 25 °C, 1 h; then MeI (3.0 equiv),
THF, 25 °C, 1 h, 99%; (j) n-Bu3SnH (1.5 equiv), AIBN (0.75 equiv),
benzene, 80 °C, 0.5 h, 65%; (k) OsO4 (2.5 wt % in tBuOH, 5 mol %),
NMO (50 wt % in H2O, 2.0 equiv), acetone:H2O (8:1), 0 °C, 4 h, 80%; (l)
NaIO4 (2.0 equiv), THF:H2O (1:1), 25 °C, 1 h, 92%.

Scheme 2. Completion of the Synthesis of Carbaplatensimycin
(3)a

a Reagents and conditions: (a) KHMDS (0.5 M in toluene, 2.0 equiv),
MeI (8.0 equiv), THF:HMPA (5:1), -78f-10 °C, 1 h, 92%; (b) KHMDS
(0.5 M in toluene, 4.0 equiv), allyl iodide (8.0 equiv), THF:HMPA (5:1),
-78f-10 °C, 1 h, 87%; (c) Grubbs gen. II (10 mol %), 17 (5.0 equiv),
benzene, 80 °C, 1 h, 85%; (d) Me3NO (6.0 equiv), THF, 65 °C, 2 h, 85%;
(e) NaClO2 (5.0 equiv), NaH2PO4 (7.0 equiv), 2,3-dimethylbutene (10
equiv), t-BuOH:H2O (1:1), 25 °C, 1 h, 95%; (f) 20 (1.0 equiv), 21 (3.0
equiv), HATU (4.0 equiv), Et3N (6.0 equiv), DMF, 25 °C, 20 h, 80%; (g)
2 N aq. LiOH (30 equiv), THF, 45 °C, 6 h; then 2 N aq. HCl (60 equiv),
THF, 45 °C, 24 h, 82% overall yield.

Table 1. Minimum Inhibitory Concentration (MIC) Values (µg
mL-1) of 1, 2, and 3 against a Variety of Bacterial Strainsa

1 2 3

MRSA 0.2-0.4 1.3-1.8 1.1-2.2
VREF 0.4-0.8 1.3-1.8 1.1-2.2
Staphylococcus aureus 0.2-0.6 1.1-2.2 0.4-1.1
Staphylococcus epidermidis <0.2 0.5-1.1 0.2-0.5
Bacillus cereus 2.2-4.4 8.8-11.1 17.6-22.0
Lysteria monocytogenes <0.2 3.3-4.4 1.1-2.2

a The antibacterial activity was determined by National Committee for
Clinical Laboratory Standards (NCCLS) broth microdilution methods.
Inocula of MRSA (ATCC 33591), VREF (ATCC 51575),S. aureus (ATCC
29213), S. epidermidis (ATCC 35989), B. cereus (ATCC 11778), and L.
monocytogenes (ATCC 10115) were prepared and treated as described in
the Supporting Information.
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analogue (3) against a number of Gram-positive bacteria lie in the

same order of magnitude as those of the natural product (1) and

adamantaplatensimycin (2). For example, the MIC values for 1, 2,

and 3 against MRSA were found to be 0.2-0.4, 1.3-1.8, and 1.1-
2.2 µg mL-1, respectively, while the corresponding values against

VREF for these compounds are 0.4-0.8, 1.3-1.8, and 1.1-2.2
µg mL-1. However, the similar potency of carbaplatensimycin (3)

against these bacteria to that of adamantaplatensimycin (2) indicates

the important contribution of the ether oxygen of the natural product

to its antibacterial activity. All three platensimycins (1-3) were
tested and found inactive (MIC > 88 µg mL-1) against the

following Gram-negative bacterial strains: E. coli, B. cepacia, S.

typhimurium, P. aeruginosa.

The reported synthesis of carbaplatensimycin (3) adds a new,

bioactive platensimycin analogue to this promising class of antibiot-

ics. At the same time, these investigations confirmed the positive

role that the ether oxygen plays in the biological activity of

platensimycin. This information may prove useful in the rational

design of new antibacterial agents based on the platensimycin lead

structure.
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Scheme 1. Construction of Carbocyclic Core Intermediate 15a

a Reagents and conditions: (a) TMSCN (1.5 equiv), Et3N (0.5 equiv),
CH2Cl2, 25 °C, 1 h; (b) TBAF (1.0 M in THF, 1.5 equiv), THF, 25 °C, 1
h; (c) ethyl vinyl ether (excess), PPTS (0.5 equiv), CH2Cl2, 25 °C, 12 h,
80% over 3 steps; (d) KHMDS (0.5 M in toluene, 1.5 equiv), THF, -78f
25 °C, 0.5 h, 70%; (e) CH3PPh3Br (2.5 equiv), KHMDS (0.5 M in toluene,
2.0 equiv), THF, -78f 0 °C, 1 h, 92%; (f) Red-Al (3.5 M in toluene, 5.0
equiv), THF, -20f 25 °C, 6 h, 90%; (g) SmI2 (0.1 M in THF, 2.5 equiv),
THF:t-BuOH (10:1),-10f 25 °C, 2 h, 92%; (h) NaBH4 (1.5 equiv), THF:
CH3OH (2:1), 0 f 25 °C, 30 min, 99%; (i) CS2 (3.0 equiv), KHMDS (0.5
M in toluene, 3.0 equiv), THF, -78 f 25 °C, 1 h; then MeI (3.0 equiv),
THF, 25 °C, 1 h, 99%; (j) n-Bu3SnH (1.5 equiv), AIBN (0.75 equiv),
benzene, 80 °C, 0.5 h, 65%; (k) OsO4 (2.5 wt % in tBuOH, 5 mol %),
NMO (50 wt % in H2O, 2.0 equiv), acetone:H2O (8:1), 0 °C, 4 h, 80%; (l)
NaIO4 (2.0 equiv), THF:H2O (1:1), 25 °C, 1 h, 92%.

Scheme 2. Completion of the Synthesis of Carbaplatensimycin
(3)a

a Reagents and conditions: (a) KHMDS (0.5 M in toluene, 2.0 equiv),
MeI (8.0 equiv), THF:HMPA (5:1), -78f-10 °C, 1 h, 92%; (b) KHMDS
(0.5 M in toluene, 4.0 equiv), allyl iodide (8.0 equiv), THF:HMPA (5:1),
-78f-10 °C, 1 h, 87%; (c) Grubbs gen. II (10 mol %), 17 (5.0 equiv),
benzene, 80 °C, 1 h, 85%; (d) Me3NO (6.0 equiv), THF, 65 °C, 2 h, 85%;
(e) NaClO2 (5.0 equiv), NaH2PO4 (7.0 equiv), 2,3-dimethylbutene (10
equiv), t-BuOH:H2O (1:1), 25 °C, 1 h, 95%; (f) 20 (1.0 equiv), 21 (3.0
equiv), HATU (4.0 equiv), Et3N (6.0 equiv), DMF, 25 °C, 20 h, 80%; (g)
2 N aq. LiOH (30 equiv), THF, 45 °C, 6 h; then 2 N aq. HCl (60 equiv),
THF, 45 °C, 24 h, 82% overall yield.

Table 1. Minimum Inhibitory Concentration (MIC) Values (µg
mL-1) of 1, 2, and 3 against a Variety of Bacterial Strainsa

1 2 3

MRSA 0.2-0.4 1.3-1.8 1.1-2.2
VREF 0.4-0.8 1.3-1.8 1.1-2.2
Staphylococcus aureus 0.2-0.6 1.1-2.2 0.4-1.1
Staphylococcus epidermidis <0.2 0.5-1.1 0.2-0.5
Bacillus cereus 2.2-4.4 8.8-11.1 17.6-22.0
Lysteria monocytogenes <0.2 3.3-4.4 1.1-2.2

a The antibacterial activity was determined by National Committee for
Clinical Laboratory Standards (NCCLS) broth microdilution methods.
Inocula of MRSA (ATCC 33591), VREF (ATCC 51575),S. aureus (ATCC
29213), S. epidermidis (ATCC 35989), B. cereus (ATCC 11778), and L.
monocytogenes (ATCC 10115) were prepared and treated as described in
the Supporting Information.
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Isolation and Structure of Platencin: A FabH and FabF Dual Inhibitor
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The discovery of antibiotics for the treatment of bacterial
infections has been one of the most important medical
achievements of the past 60 years.[1] However, the emergence
of bacterial resistance to current antibiotics is a major
challenge faced by the medical community. The emergence
of resistance is inevitable, and hence the continued discovery
of novel chemotype antibiotics with novel modes of action is
critical to overcome drug-resistant organisms.[2] Several drug-
discovery strategies have emerged, including incremental
improvements to existing antibiotics by chemical manipula-
tion and the search for novel drug targets on the basis of
genomic approaches. An alternative strategy is to study the
biochemical pathways or processes inhibited by known anti-
biotics and look for as yet unexploited targets within a
pathway. A major benefit of employing such an approach is
that these pathways are validated targets for drug interven-
tion. The fatty acid synthesis is one such pathway. The targets
we chose to study were the fatty acid biosynthesis condensing
enzymes FabH and FabF, which are conserved and essential
for bacterial viability.[3–6] The FabF target has been the subject
of studies for over 20 years, and two classes of inhibitors have
been reported:[7–12] cerulenin[13] and thiolactomycin[14–16] and
its analogues. Cerulenin is a covalent modifier and a selective
inhibitor of FabF, whereas thiolactomycin is a dual inhibitor
of FabH and FabF. However, both exhibit poor antibacterial
activity (Staphylococcus aureus MIC (minimum inhibitory
concentration) 64 mgmL!1).[17] Potent inhibitors of these
enzymes are expected to allow the development of antibiotics
with no cross-resistance to existing drugs.

We employed a differential-sensitivity method in which
each target was differentially expressed by using antisense
methodology under control of a xylose-inducible promoter.[18]

In this method, the strain expressing fabF/fabH antisense
RNA exhibits hypersensitivity to FabH- and/or FabF-specific
inhibitors relative to a control strain.[18] This allowed us to
develop a target-based whole-cell high-throughput-screening
assay for the discovery of FabH and FabF inhibitors.[19, 20]

Recent screening of natural product extracts by employ-
ing this differential-sensitivity whole-cell two-plate agar-
diffusion assay[19] led us to discover platensimycin (1) as a

selective inhibitor of Staphylococcus aureus FabF (IC50=
48 nm) over FabH (IC50= 67 mm).[21] Continued screening
led to the identification of another extract of a new strain of
Streptomyces platensis MA7339, which was isolated from a
soil sample collected in Spain and showed activity in the
FabH/FabF assay.

Bioassay-guided fractionation of the extract led to the
isolation of platencin (2), which is a potent and dual inhibitor
of FabH and FabF. Platencin consists of a tetracyclic unit (the
right side of the molecule as drawn, different from platensi-
mycin) connected to 3-amino-2,4-dihydroxybenzoic acid
(common with platensimycin) through a two-carbon chain
and an amide function. Platencin exhibits broad-spectrum
antibacterial activity against all key pathogens harboring
resistance to current antibiotics. It exhibits MIC values
" 0.06–4 mgmL!1 (" 0.14–9.4 mm) against key Gram-positive
pathogens such as S. aureus, MRSA, macrolide, linezolid-
resistant S. aureus, vancomycin intermediate S. aureus, van-
comycin-resistant enterococci, and Streptococcus pneumo-
niae). Furthermore, it inhibits S. aureus fatty acid synthesis
(IC50= 0.45 mm), SaFabH (IC50= 9.2 mm), and SaFabF (IC50=
4.6 mm) and shows 3 log reduction of S. aureus colony forming
units in an in vivo mouse model compared to untreated
control.[22] Herein we describe the isolation, structure eluci-
dation, and additional biological activity of platencin as well
as a modeling-based rationale for the differences in activity
between platencin and platensimycin.

Platencin (2) was isolated (1 mgL!1) as colorless amor-
phous powder from the fermentation broth of Streptomyces
platensis MA7339 by a two-step isolation method using
amberchrome and reversed-phase HPLC chromatography.
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with aniline derivative 4 (which traces back to nitroarene 5[5])
and final deprotection. In our previous work on platensimycin
(1), we employed an aniline derivative bearing a methyl ester
group and methoxymethyl (MOM) ethers to mask its
carboxylic acid and phenolic moieties, respectively.[4a] The
MOM groups dictated the use of acidic hydrolysis conditions
for their removal in the final step. In this case, to ensure the
survival of the molecule under the deprotection conditions,
we chose the TMSE ester as the obligatory protecting group
for the carboxylic acid and decided to leave the phenolic
groups unprotected. This modification has the extra advant-
age of shortening the sequence by a number of steps, as
compared to the route used for the total synthesis of
platensimycin (1), as a result of easier access to the aniline
fragment and the avoidance of any deprotection of the
phenolic groups. Enone 3 was envisioned to be derived
through an aldol condensation of the corresponding ketoal-
dehyde, which could, in turn, be obtained from diene 6 by
Wacker oxidation. A homoallyl radical rearrangement[6] was
then envisioned as a means to connect bicyclo[2.2.2] diene 6
to bicyclo[3.2.1] ketone 10 (through radical species 8 and 7,

Scheme 2). A retro gold-catalyzed cyclization[7] revealed
acetylenic TIPS enol ether 11 as a possible precursor. The
synthesis of 11 from enone 12 was envisioned, with 12
potentially being available though an asymmetric Diels–
Alder reaction.

The construction of enone 3 (Scheme 3) started from the
known diene 14 (available from ketone 13 by literature
procedures)[8] and the rather volatile dienophile 16, prepared
from acetylenic alcohol 15 in a one-pot procedure involving
oxidation (SO3·Py, DMSO, Et3N, 0 8C) followed by addition of
Eschenmoser!s salt[9] (53% yield). A Rawal asymmetric
Diels–Adler reaction[8,10] between 14 and 16 in the presence
of CrIII-salen catalyst 17[11] furnished cyclohexene 18 in 92%
yield. Reduction of 18 with lithium aluminum hydride
followed by exposure to aqueous HCl led to hydroxy enone
12 in 63% yield and 93% ee.[12] Formation of the SEM ether
19 (SEMCl, Et3N, THF, 70 8C, 94% yield) and its subsequent
exposure to TIPSOTf (Et3N, CH2Cl2, !78!0 8C, 97% yield)
gave acetylenic diene 11. Treatment of 11 with the catalyst
derived from [AuCl(PPh3)] (2 mol%) and AgBF4 (2 mol%)
induced the desired cyclization,[7] thereby generating the

Scheme 3. Asymmetric synthesis of the core enone (3) of platencin. Reagents and conditions: a) N-benzyl methyl carbamate (1.0 equiv), 13
(2.0 equiv), TsOH (0.05 equiv), CHCl3, reflux, 24 h, 89%; b) TBSOTf (1.1 equiv), Et3N (3.0 equiv), Et2O, !78!0 8C, 1 h, 87%; c) SO3·Py
(2.0 equiv), DMSO (5.0 equiv), Et3N (5.0 equiv), CH2Cl2, 25 8C, 2 h; then Me2NCH2Cl (1.5 equiv), 25 8C, 12 h, 53%; d) 16 (1.0 equiv), 14
(1.7 equiv), 17 (0.05 equiv), 4-! M.S., CH2Cl2, !60 8C, 60 h, 92%; e) LiAlH4 (1.5 equiv), Et2O, !78!!40 8C, 2 h; then HCl (2m in MeOH,
10 equiv), 25 8C, 16 h, 63%; f) SEMCl (1.2 equiv), Et3N (4.0 equiv), DMAP (0.1 equiv), THF, reflux, 16 h, 94%; g) TIPSOTf (1.5 equiv), Et3N
(3.0 equiv), !78!0 8C, 1 h, 97%; h) [AuCl(PPh3)] (0.02 equiv), AgBF4 (0.02 equiv), toluene/MeOH (10:1), 25 8C, 30 min, 94%; i) allylmagnesium
chloride (4.0 equiv), CuBr·Me2S (2.0 equiv), THF, !78 8C, 1.5 h, 74%; j) NaBH4 (2.5 equiv), MeOH, !5 8C!25 8C, 1 h, 97%; k) CS2 (10 equiv),
KHMDS (5.0 equiv), MeI (5.0 equiv), THF, !78 8C!25 8C, 1.5 h, 100%; l) nBu3SnH (2.0 equiv), AIBN (0.08 equiv), toluene, 100 8C, 20 min;
m) PdCl2 (0.25 equiv), CuCl (1.5 equiv), O2 (balloon), DMF/H2O (6.6:1), 25 8C, 24 h, 50% (2 steps); n) TASF (10 equiv), DMPU, 85 8C, 1.5 h, 80%
(based on recovered starting material); o) TPAP (0.03 equiv), NMO (6.5 equiv), CH2Cl2, 25 8C, 4 h, 54%; p) NaOH (6.0 equiv), EtOH, 25 8C, 19 h,
99%. Bn=benzyl, Ts=p-toluene sulfonyl, TBS= tert-butyldimethylsilyl, Tf= trifluoromethanesulfonyl, Py=pyridine, DMSO=dimethyl sulfoxide,
M.S.=molecular sieves, DMAP=4-dimethylaminopyridine, THF= tetrahydrofuran, HMDS=hexamethyldisilazide, AIBN=2,2’-azobis(isobutyroni-
trile), DMF=N,N-dimethylformamide, TASF= tris(dimethylamino)sulfonium difluorotrimethylsilicate, DMPU=1,3-dimethyl-3,4,5,6-tetrahydro-
2(1H)-pyrimidinone, TPAP= tetra-n-propylammonium perruthenate, NMO=4-methylmorpholine N-oxide.
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The described synthetic strategy allows access to platencin
(2) in its naturally occurring form and opens the way to the
construction of analogues of this newly discovered and
valuable lead for drug discovery in the area of infectious
diseases. Such studies are anticipated, as are other synthetic
routes to the natural substance.
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bicyclic enone 20 in 94% yield. Reaction of substrate 20 with
allylmagnesium chloride/CuBr·Me2S at low temperature
resulted in conjugate addition to the enone moiety to give
cyclohexanone derivative 10 in 74% yield. This compound
was reduced with NaBH4 and the resulting mixture of
diastereoisomeric alcohols (ca. 2:1) was converted into xan-
thate 9 by reaction with KHMDS, CS2, and MeI (ca. 2:1
mixture of diastereoisomers, 97% yield for the two steps).[13]

Treatment of the mixture of xanthates 9 with nBu3SnH in the
presence of catalytic amounts of AIBN at 100 8C[6] then
furnished the desired rearranged product 6 contaminated
with about 15% of a by-product, presumed to arise from 5-
exo-trig cyclization onto the pendant allyl group. The
selectivity of this reaction for the desired rearrangement
product was dependent on the protecting group residing on
the primary alcohol of the substrate, with small unbranched
groups favoring the required pathway. Rearrangement of
each diastereomerically pure xanthate 9 gave essentially
identical results. Wacker oxidation[14] (PdCl2 cat., CuCl, O2) of
diene 6 produced methyl ketone 21 (50% yield from 9).
Cleavage of the SEM group in 21 to give the hydroxy ketone
was best achieved with TASF in DMPU at 85 8C in 80% yield
based on 70% conversion. Interestingly, the hydroxy ketone
product presumed to be formed initially in this reaction was
found to exist as hemiacetal 22, which was isolated as a single
diastereoisomer. Hemiacetal 22 crystallized from CDCl3/
CH2Cl2 (m.p. 115–117 8C) as colorless needles. An X-ray
crystallographic analysis of 22 revealed its [2.2.2] bicyclic
structural motif (see ORTEP drawing, Figure 1), thus con-
firming that the radical rearrangement had taken place as
anticipated, and that this series of compounds had the
required relative configuration.[15] Oxidation of hemiacetal
22 was achieved with NMO in the presence of catalytic
amounts of TPAP,[16] and led to keto aldehyde 23 (54% yield),
whose exposure to ethanolic NaOH furnished the targeted
enone 3 in 99% yield through the expected aldol condensa-
tion.

Enone 3 was converted into the required carboxylic acid
28 by a sequence similar to that developed by our research
group for the corresponding platensimycin carboxylic acid.[4a]

Thus, as shown in Scheme 4, sequential alkylation of 3

[a) KHMDS, MeI, 68% yield; b) KHMDS, allyl iodide,
86% yield] gave triene 24, which underwent regioselective
cross-metathesis with vinyl boronate 25[17] in the presence of
the second-generation Hoveyda–Grubbs catalyst[18] and ben-
zoquinone[19] to afford boronate 26 (E/Z ca. 3:1). Oxidation of
the so-obtained mixture of boronates with Me3NO (THF,
70 8C) followed by Pinnick oxidation (NaClO2) then led to the
desired carboxylic acid 28, via aldehyde 27, in 39% overall
yield from 24.

The requisite aniline fragment 4 was conveniently pre-
pared from Giannis! nitro ester 5[5] through ester exchange
(TMSEOH, nBu2SnO, 61% yield)[20] and catalytic hydro-
genation (10% Pd/C, 100% yield), as shown in Scheme 5.
Finally, coupling of the carboxylic acid fragment 28 with
aniline fragment 4 was achieved through the action of HATU
(Et3N, DMF, 258C, 61% yield, unoptimized) to furnish
platencin derivative 29, from which platencin (2) was
liberated by treatment with TASF (DMF, 40 8C, 93% yield).
Synthetic platencin (2) exhibited spectral data consistent with
its structure and in accord with those reported[3] for the
natural product.[21]

Figure 1. ORTEP drawing of 22 derived from X-ray crystallographic
analysis (non-hydrogen atoms are shown as 30% ellipsoids).

Scheme 4. Completion of the total synthesis of platencin (2). Reagents and
conditions: a) KHMDS (1.1 equiv), MeI (8.0 equiv), THF/HMPA (4:1),
!78!0 8C, 2 h, 68%; b) KHMDS (4.0 equiv), allyl iodide (8.0 equiv), THF/
HMPA (4:1), !78!0 8C, 3 h, 86%; c) 25 (5.0 equiv), Hoveyda–Grubbs II
cat. (0.1 equiv), benzoquinone (0.1 equiv), benzene, 70 8C, 1 h; d) Me3NO
(5.0 equiv), THF, 70 8C, 1 h; e) NaClO2 (3.0 equiv), NaH2PO4 (5.0 equiv),
2-methyl-2-butene (10 equiv), tBuOH/H2O (1:1), 25 8C, 20 min, 39%
(3 steps); f) 4 (3.2 equiv), HATU (3.2 equiv), Et3N (4.2 equiv), DMF, 25 8C,
14 h, 61%; TASF (2.0 equiv), 40 8C, 40 min, 93%. HMPA=hexamethylphos-
phoramide, HATU=O-(7-azabenzotriazol-1-yl)-N,N,N’,N’-tetramethyluro-
nium hexafluorophosphate.
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Conclusion

• Novel unique antibiotic (architecture, mode 
of action, biological profile)

• Different ways for synthesizing the complex 
core structure

• Analogs show also biological activity

! new lead compound of a valuable new 
class of antibiotics.


