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Vancomycin (Figure 1) is a glycopeptide antibiotic that kills
cells by binding to the-Ala-p-Ala peptide substrate involved in
cross-linking the sugar polymers that comprise the bacterial cell
wall.! The carbohydrate portion of vancomycin is not directly
involved in binding too-Ala-p-Ala. However, it has been shown
by scientists at Lilly that N-alkylation of the terminal vancosamine
sugar with a hydrophobic group increases activity against van-
comycin resistant strains dramaticallyDespite the importance
of this carbohydrate in biological activity, no efforts to replace
the vancosamine with a different sugar have been rep6iied.
fact, as far as we know, the chemical glycosylation of vancomycin
at any position has never been achie¥&d/ancomycin is a
complex molecule which has a diverse array of functionality and
is sensitive to acid, base, and oxidatidfurthermore, it is soluble
only in water and other polar solvents, which are not compatible
with chemical glycosylation reactions. We now report a strategy
for glycosylating the pseudoaglycon of vancomycin. This chem-
istry should permit the synthesis of large numbers of vancomycin
derivatives in which the terminal carbohydrate moiety is varied.

vancomycin

pseudoaglycon

Figure 1.

We initiated our studies to develop chemistry to glycosylate
vancomycin by synthesizing the vancomycin disaccharide. This
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a(a) 1 equivl, 2 equiv2, 2 equiv THO, 4 equiv DTBMP, EtOAc,
—78°C, 5 min, 92%. (b) 2.5% BNNH,, MeOH/THF= 2:1, 3 h, 85%.
(c) 2 equivs, 1 equiv THO, 4 equiv DTBMP, EXO, —78°C, 0.5 h, 71%.
(d) 2% HNNH,, MeOH/THF = 2:1, 8 h, 92%. (e) b Pearlman’s
catalyst, MeOH, 1 h, 73%.

recently by Nicolaod. The disaccharide containsfalinkage to

a hindered phenol as well as anlinkage to a 2-deoxy sugar.
We used 2,6-dimethoxyphenol as a model for the hindered phenol
in vancomycirf Our synthesis utilized the sulfoxide glycosylation
reactiod and proved to be both stereospecific and efficient
(Scheme 1). The equatorial linkage to the 2,6-dimethoxy phenol
was formed in 92% isolated yield by reacting the tin salt of the
phenot® with a suitably protected sulfoxid!* Stereochemical
control was achieved with neighboring group participation by a
pB-ketoester protecting group at C2. This bulky neighboring group
prevents ortho ester formation, and yet it can be readily depro-
tected using mild conditions (i.e., hydrazifié)Following the
selective removal of thg-ketoester group, the resulting compound

4 was glycosylated on the free C2 hydroxyl with vancosamine
derivative5.1® The axial isomer was produced exclusively in 71%
yield, and the disaccharide was then deprotected in two steps in
an overall yield of 67%#* The synthesis of the vancomycin
disaccharide confirmed the utility of the sulfoxide method for
introducing the axial glycosidic linkage to the terminal van-
cosamine using protecting groups that can be removed under mild
conditions compatible with the integrity of the complicated
aglycone. Extending this chemistry to the synthesis of vancomycin
from the pseudoaglycon, however, proved to be considerably more
challenging.
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Scheme 2 the major compound having a mass consistent with loss of water
O, — from the glycosyl acceptdf. One of the limitations of the
Jﬁ@pow \bls;rooﬂ sulfoxide glycosylation reaction has been that it often does not

°{L o proceed cleanly in systems involving amides. We believe that

amide oxygens interfere with glycosylation by reacting with triflic
anhydride and/or with the activated glycosyl donor. It seemed
possible, therefore, that the observed loss of water could result
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A o N " o from conversion of the primary asparagine amide to the nitrile
r 4\;”/ ""°o - 0 upon treatment with triflic anhydrid€.A model study using Cbz-
HO™ oK AP oAPAY 8 Asn-OBn demonstrated that treatment with triflic anhydride and
vancomycin oo base at-78 °C cleanly produced the corresponding nitrile (80%
yield).
A We thought it might be possible to suppress the dehydration
o (B ”g'moeic of primary amides in the presence of triflic anhydride by
{o(‘”“ Aoqm.oc "o pretreating amide-containing compounds withzBid leaving
o Lo 8 hﬁ\ out the base. In fact, in the Cbz-Asn-OBn model system no nitrile
=y Hoac " was produced when BFwvas added prior to triflic anhydride.
ob, TR Jn R K -\N — "°°~ HH i S Furthermore, a single disaccharide produt\as isolated in
AlOH, NP H)‘Zi*:)oo "" : N”‘M 64% yield (along with 23% of the recovered nucleophile) when
HN Ao, o B 0°° the protected pseudoaglycon was treated with 2 equiv @pBBr
Al oafPA! o LT pm to adding T$O and donod 1.1 Following a two-step deprotection,
10 ° the glycosylated material was found to be identical to vancomycin
(@) (1) 4 equiv alloc-succinimide, 3 equiv NaHg,®1,0/dioxane, 3 by 'H NMR, HPLC, and mass spectral analy¥is.
h; (2) 5 equiv allyl bromide, 2 equiv NaHGODMF, 2 h; (3) 10 equiv The chemistry reported above extends the utility of the

allyl bromide, 5 equ!g'CzilOs, DMF, 6 h, 82%, thrlee Stﬁps- (b)18 equiv  sylfoxide glycosylation reaction to amide-containing systems. We
égﬁ(i?/’ 365 ‘E‘z”c')" %”eg‘lfi;/ Oﬁiseﬂwét?:'lvléf 'O%th' ?10/:) 9(1(]';"2(‘2(132/ have been able to achieve the first chemical glycosylation of the
g = y 2 Iy U, ll . . .
BF+EtO, 2 equiv T§O, CH.Cl, then 4 equivLl, EtO, —78°C to —20 vr?ncrc])mycm rt))seudolaglycoln, r:joss[bly thehmos_t clomplex sKstem
°C, 1 h, 64% plus 23% recoverdd. (e) 5% hydrazine, allyl alcohol/ that has ye_t een glycosylate I using a chemical approach. C_)ur
MeOH/THF = 1:1:1, 4 h, 63%. (f) 50 equiv BSnH, 1 equiv next goal is to develop chemistry to construct the glycosidic
PACh(PPh)s, DMF/ACOH = 1:1, 10 min, 78%. linkage to the phenol on the vancomycin aglycon, a considerable
challenge in its own right. Accomplishing this objective is
Glycosylation required a suitably protected vancomycin pseudo- essential to completing the total synthesis of vancom$tirthe
aglycon. This compound had to have protecting groups that would meantime, the present work permits further exploration of the
confer solubility in nonpolar organic solvents-a78 °C. These role of the carbohydrate portion of vancomycin in antibiotic
protecting groups had to be removable under conditions that would activity, particularly in conferring activity against resistant
not damage the final product. After considerable experimentation, microorganisms.
we established an efficient degradation routel@(Scheme 2)
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the carboxylic acid and then the three free phenols with allyl
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bromide. Allyl-derived protecting groups were selected for all of
these functional groups because they can be removed cleanly in (17) The IR specrum of the major product shows a weak stretch at 2248
one step with PdG{PPh)s-BusSnH® Finally, the primary and ~ cm'*
_  (18) Dehydration of amides upon treatment with triflic anhydride and
f'?i_je_ sT;cck)ndary h);]droxyls were .prOteCtedhaS aceltate;s IT hel glycc()j pyridine has been reported: Charette, A. B.; ChusSynlett1998 163.
sidic linkage to the vancosamine was then selectively cleaved ™ (19)To produced, 10 (22.4 mg, 0.0127 mmol) was azeotroped @ith
with BF;-thiophenol to producéO. toluene, dissolved in 1 mL of Ci€l, and cooled to-78 °C. BREO (2.3
iti uL, 0.0191 mmol) was added followed by triflic anhydride (4.3, 0.0255
!nltlal ﬁffqultﬁeg|y((:;)ts>f/||fite tnedp.LOtQthhd pseudoagly?? mmol). Sulfoxidell (20 mg, 0.0509 mmol) in 0.5 mL of Ci€l, was then
using sultoxi and trithc anhydride In the présence or base€  5qded dropwise over 1 min, and the reaction was allowed to warr2C

(DTBMP) yielded an unencouraging mixture of products, with over 1.5 h. After the reaction was quenched with a 1:1 solution of MeOH/
DIEA (100uL), the solvent was removed under vacuum, and the residue was

(14) Spectral data for: *H NMR (CD3;OD, 500 MHz)é 7.03 (t,J = 8.2 chromatographed over silica gel (10 mm5 cm column; 20 mL of 100%
Hz, 1 H), 6.68 (dJ = 9.2 Hz, 2 H), 5.39 (dJ = 4.0 Hz, i1, 1 H), 5 16 o CHCls; 20 mL of 2.5% MeOH/CHG}E 20 mL of 5% MeOH/CHG)). Impure
= 7.6 Hz, Gy_1, 1 H), 4.55-4.52 (m, My—s, 1 H), 3.81 (s, OMe, 6 H), 3.68 product (25 mg) was obtained and further purified by reverse-phase HPLC
3.60 (m, G| 2 Gr-¢, Gr-s, 3 H), 351 (tJ=9.1Hz, G5 1 H) 42 (tJ (PHENOMENEX LUNA C18 column, 21 25 mm, 5uM particle size) using
=9.5Hz, Gi_4, 1 H), 3.20 (s, Vi-4, 1 H), 3.14-3.11 (m Gy-s, 1 H), 2.04- a linear gradient (80% C{€N/0.1% CHCOOH/19.9% HO to 99.9% CH-
1.93 (M, Mi—2, V-2, 2 H), 1.65 (s, CH, 3 H), 1.07 (d,J = 6.7 Hz, CH, 3 CN/0.1% CHCOOH over 30 min)9 (16.5 mg, 64%) was obtained along

H); **C NMR (CD;0D, 500 MHz)d 154.90, 134.00, 125.66, 107.30, 101.95, with 5 mg of recoveredLO (23%). R = 0.3 (5% MeOH/CHG)). HRMS
98.59, 79.50, 79.27, 78.17, 73.29, 71.65, 64.97, 62.62, 56.91, 55.60, 35.14,(FAB): calcd for GgH11:NoNaOs.Cl, [M + Na'] 2050.6508, found 2050.6458.

23.68, 17.08. HRMS (FAB): calcd forfHzsNNaOyo [M + Na'] 482.1991, (20) Synthetic vancomycin coeluted with authentic vancomycin on reverse-
found 482.2002. phase analytic HPLC using a PHENOMENEX PRODIGYirs ODS(3) 100

(15) Dangles, O.; Guibe, F.; Balavoine, G.; Lavielle, S.; MarquetJA. A column (250 4.6 mm), eluting with 0.1% TFA in water for 2 min followed
Org. Chem.1987, 52, 4984. by a linear gradient of 0.1% TFA in water to 20% @EN/0.1% TFA in water

(16) 11 was prepared in the same waymsubstituting alloc-succinimide over 28 min. Vancomycin elutes at 27.9 min. Mass: {ivH] ", 1449.3, [M
for Cbz-succinimide. —V +H] f,1305.2, [M—V — G+ H] 7, 1144.3.



