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The ever-expanding crisis in antibiotic resistance of bacterial

pathogensthe result of either chromosomal changes or the
exchange of genetic materigia plasmids and transposcenis
of increasing concern to the medical commudityThis has

prompted increased efforts to find and study new and effective

antibiotic species. Total synthesis can play an important role
in defining the chemistry of an antibiotic, often leading to its
improved efficacy.

Antibiotics known as the virginiamycins consist of two
groups—polyunsaturated macrolactones (type A) and peptidic
macrolactones (type B).Mixtures of type A and B virginia-
mycins exhibit very high potency against a variety of bactéria.
Total syntheses of the peptidic virginiamycins (type B) have
been reportefl. However, the synthesis of type A virginiamy-
cins has not been achieveeperhaps due in part to their extreme
pH sensitivity! We describe the total synthesis of virginiamycin
M, (1), a type A structure of this antibiotic famify.

Antibiotic 1 is a 23-membered ring macrolide which possesses
one ester and two amide linkages. The compound also contains

four stereogenic centers, two of which are proximal to each
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aReagents and conditions: (a) LDA, THF, isobutyraldehy¢eg—0
°C, 87%. (b) Li, NH, t-BuOH, THF, 92%. (c)n-CPBA, THF,—78

other. The other two stereogenic centers consist of the amino.q pyridine, 0°C, 82%. (d) N-((2,2,2-trichloroethoxy)carbonyl)-

acid p-proline and an allylics-ketoalcohol. Also contained
within the 23-membered ring is a 2,4-disubstituted oxazole
moiety. Our strategy for the construction af starts with

cleavage of the amide and ester linkages of it, which reveals

fragments2 and 3 (Scheme 1). These fragments were further
cleaved, as indicated, to afford suburis, 6, and7. Critical

to the assemblage df from these subunits was the nature of
the protecting groups carried on them and the timing of their
conjoining.
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proline, DCC, DMAP, CHCl,, 92%. (e) NHSGO;H, NaClQ, THF, HO,
0 °C, 88%.

We commenced this synthesis with the construction of an
analogue of2 using a new stereoselective aldol lactonization
reaction? The lithium enolate of vinylogous uretharg a
species which does not contailCasymmetric chiral auxiliary,
reacts with isobutyraldehyde to afford the vinylogous urethane
lactone9 (87% yield, 96% déf (Scheme 2). Compourtivas
re-formed into the unsaturated aldehyde homoallylic alc@Bol
in two steps by dissolving metal reduction of the former to the
amino lactoll1 (92%) followed by oxidative elimination of the
amine (82%). The aldehyde alcoHdl proved only moderately
stable and, therefore, was immediately esterified Wi(2,2,2-
trichloroethoxy)carbonylp-proline (92%). Oxidation of the
resulting aldehyde est&é® under Lindgren’s conditions smoothly
formed the corresponding acid esfed (88%)11

Next, we turned our attention to the amifiebeginning this
construction with the alkylation of the lithium enolate of the
vinylogous urethane lacton®4 with isopropyl bromoacetate
(Scheme 3). The estdb, obtained (93%) as a single stereo-
isomer from this reactioks was selectively reduced to the
corresponding primary alcohol (91%) and then silylated with
TBSCI (88%) to affordl6.

With the single stereogenic center preserfi gstablished in
compoundl6, we submitted the lactonic portion of the latter to

(9) A detailed description of this aldol lactonization reaction will be
published in the near future.

(10) The absolute stereochemistrydofvas determined by single-crystal
X-ray analysis. For references on other vinylogous urethane enolates to
form vinylogous urethane lactones as well as on the chemistry of these
lactones, see: (a) Schlessinger, R. H.; Poss, M. A,; Richardsdn/gn.
Chem. Soc1986 108 3112. (b) Schlessinger, R. H.; Mjalli, A. M. M,;
Adams, A. D.; Springer, J. P. and Hoogsteen JKOrg. Chem1992 57,

2992 and references cited therein.

(11) Lindgren, B. O.; Nilsson, TActa. Chem. Scand 973 27, 888.

(12) The stereoselectivity of this reaction was determined by HPLC
analysis. For other examples of reactions of this lactone enolate, see ref
10b.
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a2 Reagents and conditions: @BuLi, THF, isobutyl bromoacetate, 25 0 24
—78-0 °C, 93%. (b) LiBH, MeOH, THF, 0°C, 91%. (c) TBSCI, lh
imidazole, CHCI,, 0 °C, 88%. (d) Li, NH, t-BuOH, THF, 86%. (e) °
m-CPBA, 0°C, pyridine, 0°C to rt, 75%. (f) TBDPSCI, imidazole, O\}\"/NO o k \}\"/’Q"TO L
CHCl, 0°C, 82%. (g) cyanomethyl diisopropylphosphon#tBuOK, o\‘HV__}Qr ,,,, i o o\H_”_g ,,,,,,
THF, —78 °C, 87%. (h) AlH, THF, 0°C, 78%. TN J N
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Birch reduction which afforded (86%) the amino lactil. @ Reagents and conditions: (a) 2-chloro-1-methylpyridinium iodide,

t?]x'da“_"e e'”t“'”at‘“g” ‘I’é “r‘]e O";‘m'rl‘lel.res'?“?&m gave (75%)  1Bu,N, CH,CL,, 1t, 89%. (b) 70% HF, pyridine, THF, EC, 82%. (c)
e o,f-unsaturated aldehyde allylic alcohts. Dess-Martin periodinane, CkCl,, 1t, 87%. (d) 2.2 equiv of methyl
The choice of protecting group for the secondary allylic 2-bromomethyl-5-oxazolecarboxylate, 2.4 equiv of Zn dust, 1 equiv
alcohol present iri8 was critical to this synthesis. It was our of ELAICI, rt to 35 °C, 67%. (e) TESOTT, 2,6-lutidine, Gl 0 °C,
plan to complete the synthesisbby removal of this protecting ~ 83%. (f) 40 equiv of Zn dust, ag Ni®Ac, THF, 92%. (g) LiOH, THF/
group. Thus, this group had to withstand the gauntlet of HzO, 9/1, 2-chloro-1-methylpyridinium iodide;BusN, CH.Clz, 0.001
reactions necessary to prepare the penultimate synthetic interN: rt two steps in 52%. (h) THF, ACOH, 49, (10/4/1). DessMartin
mediate and yet exhibit sufficient lability to allow its removal ple/rzlodclznaréel, Cb(:7lgo;t, two steps in 619%. (i) 10 equiv of Hpyridine
under conditions compatible with the limited stability of the (112), HZ o ", 78%. . .
natural product. At this juncture there remained the problems of re-foymlng
After tedious experimentation, we settled on the TBDPS the TES-protected secondary alcohoR6finto its corresponding

; ketone26 and removal of the TBDPS protecting group from
group and accordingly prepared (82%) compourdfrom : . y
alcohol 18. Horner~Emmons vinylogation ofl9 gave (87%) this species to unmask the allylgzhydroxyketone ensemble

e . . : o required by the natural product. Treatment with acetic acid
:E: g)lyrlli'(t:”;?nzig’eglf'lgh on reduction with Alijafforded (78%) smoothly removed the TES residue, and Dedgsrtin perio-

. . . . . dinane oxidation provided (61% yield over two steps) the
Acid 13and amine21were then ocomblned using Mukaiyama  heltimate synthetic intermedia262° Lastly, reaction 026
coiJ4pI|ng conditions to afford (89%) the corresponding amide ih HE-pyridine (1/2) smoothly desilylated (7898 to give
22'% (Scheme 4). This amide was then converted (two Steps) gy nihetic virginiamycin M (1), which proved identical in all
into its corresponding aldehyd23 by removal of the TBS  eqpects to an authentic sample of the natural product.
protecting group on the primary alcohol (70% 4d¥ridine,
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(14) Mukaiyama, T.; Bald, E.; Saigo, IKChem Lett1975 1163. can be ordered from the ACS, and can be downloaded from the Internet;
(15) Martin, J. C.; Dess, D. B. Org. Chem1983 48, 4156. see any current masthead page for ordering information and Internet

16) Compound? was prepared starting wittert-butyl 2-bromometh- - -
on§<az)oIe-4-€arboxylate (Pseg ref 6c), follog\]/ved by TFX deprotection of the ACCESS Instructions.
ester and esterification with diazomethane. JA9543117

(17) Tsuji, J.; Mandai, Tadakatslietrahedron Lett1978 21, 1817.

(18) This macrocyclization sequence occurs with remarkable alacrity  (19) Olah, G. A.; Welch, J. T.; Vanker, Y. D.; Nojima, M.; Kerekes, I.;
because compount3 has proven to be an excellgftturn mimic. Olah, J. A.J. Org. Chem1979 44, 3872.




