ORGANIC
LETTERS

De Novo Formal Synthesis of Vol 200
(—)-Virginiamycin M , via the Asymmetric 31053108
Hydration of Dienoates

Matthew S. Mortensen, Joshua M. Osbourn, and George A. O'Doherty*

Department of Chemistry, West Virginia University, Morgantown, West Virginia 26506
George.ODoherty@mail.wyu.edu

Received May 20, 2007

ABSTRACT
) o T @ e K
roc
- KL\}\'{O\-‘- TBso/j\/k/\/H 0
Br ° TBDPSO” T N

virginiamycin M, O (o]
A de novo approach to the formal total synthesis of the macrolide natural product ( —)-virginiamycin M , has been achieved via a convergent
approach. The absolute and relative stereochemistry of the nonpeptide portion of ( —)-virginiamycin M , was introduced by two Sharpless

asymmetric dihydroxylation reactions.

The problem associated with new microbes that develop dehydroproline portion of virginiamycin MFigure 2), which
resistance mechanisms to antibiotics has fueled the neverenhances activity by providing improved solubiltfyAs part
ending search for new antibacterial agéritsfact, infections of a program aimed at developing new antibiotic structures,
from methicillin-resistans. aureufMRSA) organism have  we became interested in the synthesis of both virginiamycin
become increasingly comma@rMore alarming is the dis- M, as well as the synthesis of a library of novel virginiamycin
covery of vancomycin-resista®. aureusorganisms. Cur- analogues. We envisioned replacing the sulfone group on
rently, three antibiotics (linezolid, daptomycin, and quinu- the proline with an aminoglycoside sugar, with the hope of
pristin-dalfopristin) have been approved to combat these giscovering new synergistic bindigis a prelude to these
infections. The oldest of the three, quinupristin-dalfopristin, yedicinal chemistry studies/library synthesis, we decided to
is the admixture of two types of streptogramin antibiotics, investigate the feasibility by conducting a formal total
daI_fopristin (type A) and quinupristin (typ(_a B) (Eigure 1), synthesis.

which derives its potency by the synergistic binding of two In addition to its potent antibiotic activity, the structural

weak ribosome binders. o . .
The type A component dalfopristin is a semi-synthetic novelty of virginiamycin M has also attracted the attention

compound prepared by a sulfinic acid addition across the
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Scheme 1. Retrosynthesis of (—)-Virginiamycin M(1)
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of the synthetic community® To date, several total syntheses Br © TBDPSO” N
of the type A streptogramin antibiotics have been completed, 3 4
along with a formal total synthesiaihile all of the previous
syntheses of the streptogramin class of antibiotics derived QTes O
their asymmetry from the chiral pool, enzymatic resolution, 4 =— + N—'., _OH
and/or chiral auxiliarie§,we were interested in a de novo TBDPSO” 2 N H g
asymmetric approach that would use asymmetric catalysis s . D-proline

to install the stereocenters of the non-amino acid portion of
type A streptogramins. Herein we describe our successful OTBS o o}
efforts to implement this strategy for the de novo formal 5 =— X" OEt 6 — Woa
total synthesis of virginiamycin M

Retrosynthetically, virginiamycin M(1) has been derived
from the seco-macrolid2°" which in turn could be prepared
from the known oxazole3, and triene4. Previously,

Schlessinger had demonstrated the conversiahaid3 to To access useful quantities of dieno@tan efficient five-
virginiamycin M, (1)52 In our strategy (Scheme 1), we step approach was developed (Scheme 2). While the route

envisioned the triend as being assembled fromproline, featured standard Wittig/HorneEmmons olefination chem-
allylic amine5, andd-hydroxy estel. Finally, we planned ~ iStry, key to practical nature of this approach was the
to install the asymmetry of these two fragments by the recognition that TFA can catalyze the stereoselective isomer-
application of a regioselective Sharpless asymmetric dihy- ization of enall1to the more stabl&-isomer (98:2), which
droxylation of diene fragmentg and8.”8 In particular, we when treated with the stabilized Wittig reagent provided good
were interested in using our asymmetric hydration strategy yields of8 (72%)° While we previously had demonstrated
for the preparation of theyny-substituted-hydroxyenoate  the asymmetric hydration &to the enantiomer &, because

6.° of the pseudo-enantiomeric nature of the Sharpless reagents

7 8

(4) For conformational studies of the virginiamycin type antibiotics,

F. Eur. J. Biophys.2005, 34, 383—388. (b) Dang, J.; Separovic, F.;
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(6) Brennan, C. J.; Campagne, J.-Metrahedron Lett2001, 42, 5195~ Ph3P=CHCO,Et
5197. YT H oo X" 0Et
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(DHQ/DHQD), the regiochemistry of this reaction was an 10:1,E/Z). The enoat&8 was reduced with DibalH to give
open question. In practice, we found that the monomeric allylic alcohol 19, which in turn was converted into allylic
4-methyl-2-quinolylether linked DHQD ligand provided the nitrile 20 by a two-step protocol (PRt, then NaCN in AN;
best balance in terms of regio- and stereochemi&tihus, 50%). Base-promoted elimination {80s/MeOH, 81%) of
when 8 was dihydroxylated with the OsflDHQD-4-MEQ 20 stereoselectively gave theE-diene21 (98:2, EE:EZ).
reagent, good yields of didl2 as a single regioisomer were The secondary allylic alcohol i”21 was protected as a
isolated (75%, 90% ee), which was cyclized into carbonate TBDPS-ether (TBDPSCI/imid, 89%), and the nitrile was
13 in good overall yield (90%). Exposure of carbonate cleanly reduced with Algito give amine5 in good yield
to the palladium(0)-catalyzed reduction conditions (HEO (70%) 12
Et:N) providedd-hydroxyenoates in good yield (98%). We next investigated the synthesis of the first fragment
With ¢-hydroxyenoate in hand, we next investigated the ~coupling product este25 (Scheme 4). While24 could be

synthesis of amin& (Scheme 3). Unfortunately, our initial
- Scheme 4. Synthesis of Proline Este5

Scheme 3. De Novo Synthesis of Allylic Aminé k (j
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17 THF, -40 °C Q7Y™ TOE D.'?: Lg 19
84% © 94%
10:1(E2) 18
qres Qres prepared in one step from a Troc-protectegroline, for
1) PPhg/l, cN  KeCOs, . . .
“NacN MeOH this model system, we decided to use the already available
Q7Y XTOH  CHi N 07 YN 81% z Boc-protected-proline22. Coupling proline22 and alcohol
ﬁ*o 19 (255‘3;/;3) ﬂ*o 20 (9[:5322) 6 with DCC/DMAP followed by deprotection of the Boc
’ group (TFA) gave good yields of ami28 (88%, two steps).
oTBS oTes The secondary amin23 was protected with TrocCl/Pyr
1) TBDPSClimid (71%) to give esteR4, which was selectively hydrolyzed
2) AHy/THF 9 i ' ' 13
Hor PPy 2 o/ NS PPN (NaQH, 56 A)) to give the desired carboxyl!c ads.
21 0% s With the final two fragmentss and 25 in hand, we

investigated their coupling to form our desired target
molecule4 (Scheme 5). After screening several coupling

plan to use a regioselective asymmetric dihydroxylation of

dienoate7 was thwarted by our inability to prepai& by _

Horner—Emmons olefination ofl5. Instead, of7, only Scheme 5. Completion of the Formal Synthesis of
Michael addition products were observed. Thus, we decided (=)-Virginiamycin M

to preform the dihydroxylation a step earlier on ende (j

which could be easily prepared in three steps (63%) from Troc,N e

1,3-propane diol (14). Exposure of enob&to the typical TBSO

Sharpless asymmetric dihydroxylation procedures gave a g, p5 -DCC/IDMAP /j\/%H
good yield (71%) of dioll6 and in high enantiopurity (90% C?fof,'z TEPPSO

ee). The diol product was protected as an acetonide (2,2- 4
DMP/5% CSA, 72%), and the ketone proddgtunderwent

Horner-Emmons olefination to form enoat&8 (84%;

procedures, we found the DCC/DMAP to give the best yields

(10) We have found this acid-catalyzed isomerization gfunsaturated and to be operatlonally the SImpIESt' Thus, exposing a 1:1

aldehydes to be quite general and very useful in our diene syntheses. See:
Varelis, P.; Johnson, BAust. J. Chem1997,50, 43-52. (12) The chemoselective AlHreduction of dienylnitriles like21 is
(11) In addition to the electronic effect, we have found that subtle steric precedented; see ref 5a.
effects can lead to the formation of regioisomers in the Sharpless asymmetric  (13) We surmised that this lower than expected yield was due to the
dihydroxylation reaction of dienoates. See refs 7 and 9a. water solubility of25; no elimination to dienoat® was observed.
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mixture of 5 and 25 to a CHCI, solution of DCC/DMAP of mixed aminoglycoside/virginiamycin Manalogues is

gave 82% vyield of amidd, which was physically (optical  ongoing, and these results will be reported in due course.

rotation) and spectroscopicaliH{ NMR, 3C NMR, IR, and

MS) identical to the material previously reported by  Acknowledgment. We are grateful to the NIH (GM63150)

Schlessinget and NSF (CHE-0415469) for the support of our research
In conclusion, a short formal de novo asymmetric synthesis program, and NSF-EPSCoR (0314742) for a 600 MHz NMR

of virginiamycin M, has been developed. This highly enantio- and an LTQ-FT mass spectrometer at WVU.

and diastereocontrolled route illustrates the utility of our

dienoate asymmetric hydration strategy for natural product Supporting Information Available: Complete experi-

synthesis. Further application of this approach to the synthesisy antal procedures and spectral data for all new compounds

can be found in the Supporting Information. This material

(14) Unfortunately, a typographical error occurs in the data reported by s available free of charge via the Internet at http://pubs.acs.org.
Schlessinger such that the 11 signals below 24 ppm are missing from their
reported'3C NMR spectral data. The remaining 25 signals above 24 ppm
did match the reported data; see ref 5a. OL071145E
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