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Stereocontrolled Synthesis of the
Everninomicin A;B(A)C Ring Framework**

K. C. Nicolaou,* Rosa M. Rodriguez,
Helen J. Mitchell, and Floris L. van Delft

Everninomicin!l (13,384-1, 1), a highly effective antibiotic
against drug-resistant bacterial strains, is a member of the

1: eveminomicin 13,384-1

orthosomycin family of compounds. Its novel and challenging
structure encompasses, among other structural elements, the
nitrosugar A and the fully substituted aromatic ring A,, and
has stimulated a number of synthetic studies.’l Notable
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Scheme 1. Synthesis of 8. a)L-(+)-diisopropyl tartrate (0.09 equiv),
Ti(OiPr), (0.072 equiv), BuOOH (2.0 equiv), CH,Cl,, —15°C, 9d;
b) TBSCI (1.2 equiv), imidazole (1.5 equiv), CH,Cl,, 0—25°C, 85% over
two steps; ¢) LIEt;BH (1.0M in THF, 1.1 equiv), CH,Cl,, —40°C, 1 h, 91 %;
d) CH=CHC(O)Cl (1.1 equiv), Et;N (1.2 equiv), CH,Cl,, 0—25°C, 1 h,
90 % e) (PCys;),Ru(=CHPh)Cl, (0.15 equiv), CH,Cl,, 40°C, 72 h, 90%;
f) DIBAL (2.2 equiv), CH,Cl,, —78°C, 1h, 98%; g) OsO, (0.03 equiv),
NMO (1.5equiv), acetone/H,O (20/1), 25°C, 24h, 97%; h)Ac,O
(4.0 equiv), Et;N (6.0 equiv), 4-DMAP (0.1 equiv), CH,Cl,, 0 —25°C, 2 h,
98 % 1) PhSH (1.3 equiv), Me;SiOTf (0.03 equiv), CH,Cl,, 0—25°C, 3 h,
69%; j) K,CO; (0.2 equiv), MeOH, 25°C, 3 h, 100%. Cy = cyclohexyl,
DIBAL = diisobutylaluminum hydride, 4-DMAP = 4-dimethylaminopyri-
dine, NMO =4-methylmorpholine N-oxide, TBS = tert-butyldimethylsilyl,
Tf = trifluoromethylsulfonyl.

among these are the formation of A;B(A) and A;BC systems
by Scharf et al.? ¥ml and approaches to 2-deoxy--glycosides
by Sinay et al.?-1In the preceding contribution® we described
a stereoselective synthesis of
evernitrose (ring A) in its acti-
vated form (26, see Scheme 5).
Here we report efficient con-
structions of rings B, C, and A,
as well as their assembly to the
A;B(A)C ring system (28, see
Scheme 5) of everninomicin (1).
The reported chemistry fea-
tures a number of interesting
strategies including a) an ap-
proach based on ring-closing olefin metathesis to the
common precursor 8 for carbohydrate systems B and C (see
Scheme 1), b) control of the stereochemistry of the 2-deoxy-£-
anomeric by a 1,2-migration and a sulfur-directed glycosida-
tion,! and ¢) use of an acyl fluoride to effect formation of the
sterically demanding ester bond between rings A; and B.

An asymmetric synthesis of the common precursor to rings
B and C is shown in Scheme 1. Sharpless epoxidation of
prochiral divinylmethanol (2)1 followed by silylation (TBSCI,
imidazole, 85% over two steps)’l furnished epoxide 3.
Regioselective ring opening of 3 with LiEt;BH (“super
hydride”) followed by esterification with acryloyl chloride
under basic conditions (Et;N) provided diolefin 4 (90%).
Ring-closing metathesis induced by (PCy;),Ru(=CHPh)ClI, as
catalyst afforded lactone 5 (90 % ).l Contrary to expectations,
dihydroxylation of 5 under a variety of conditions led to the
wrong diastereomer, with the oxygen atoms cis to the bulky
TBS group. Fortunately, reduction of lactone 5 with DIBAL,
followed by OsO,-catalyzed dihydroxylation of the resulting
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lactol 6 (mixture of anomers), led to the exclusive and
quantitative formation of the desired 2,3-diol, which was
peracetylated to afford triacetate 7 (98 %, mixture of anom-
ers). Exposure of 7 to PhSH and TMSOT( followed by
deacetylation gave dihydroxy-a-thioglycoside 8 as the sole
product (69 % over two steps).

Scheme 2 summarizes the selective conversion of thioglyco-
side 8 into both glycosyl acceptor 12 and glycosyl donor 14;
the 1,2-migration technique previously developed in our

\SPh 0__X
c
OBn
O._ .SPh
S@\ [C10:X=F, R=TBS
TBSO" OH

11: X =OMe, R =TBS

o dl, 15 x=0OMe R=H
8
O_.SPh O ,F
DS O
TBSO' OH TBSO' "SPh
OPMB OPMB
13 14

Scheme 2. Synthesis of the B and C rings. a) 1. nBu,SnO (1.3 equiv), PhH,
80°C, 12h; 2.BnBr (1.5equiv), nBu,NI (1.0 equiv), 80°C, 2h, 80%;
b) DAST (1.3 equiv), CH,Cl,,0°C; c) MeOH (2.0 equiv), SnCl, (1.8 equiv),
4-A molecular sieves, Et,0, —15°C, 100% over two steps, a:f=1:10;
d) nBu,NF (1.5 equiv), THF, 25°C, 2 h, 95%; e) 1. nBu,SnO (1.3 equiv),
PhH, 80°C, 12 h; 2. PMBCI (1.5 equiv), nBu,NI (1.0 equiv), 80°C, 2 h,
92%; f) DAST (1.3 equiv), CH,Cl,, 0°C, 100%. Bn=benzyl, DAST=
Et,NSF;, PMB = p-methoxybenzyl.

laboratories was employed.F! Thus, regioselective protection
of position 3 of 8 was effected with nBu,SnO/BnBr for ring C
(—9, 80%) and with nBu,SnO/PMBCI for ring B (—13,
92%). Thioglycosides 9 and 13 underwent smooth 1,2-
migration on exposure to DAST to furnish glycosyl fluorides
10 (mixture of § and a anomers, ca. 17:1) and 14 (mixture of 5
and a anomers, ca. 14:1), respectively, in quantitative yields.
As expected, glycosidation of 10 with MeOH and SnCl, in
Et,0 was directed by the PhS group at C2 to give predom-
inantly the f anomer 11 (91 %, ca. 10:1). Desilylation of 11
gave compound 12 (95%).

The anticipated difficulties® ™I in forming the ester bond
between rings A; and B led us to evaluate the use of fluoride
21 (Scheme 3). Its synthesis began with Gatterman formyla-
tion of resorcinol 15 (—16, 92 % ). Oxidation of aldehyde 16 to
the carboxylic acid (NaClO,, 80 %) followed by exposure to
benzyl alcohol under Mitsunobu conditions led to the phenol
derivative 17 (100 % based on 75 % conversion). Chlorination
of 17 (Cl,, buffered conditions,*! 70 %) followed by methyl-
ation of the phenolic group (CH,N,,?! 100%), DIBAL
reduction (90%), and PDC oxidation gave the aldehyde 19
(90%). Further oxidation of 19 with NaClO, and treatment
with [(Me,N),CF]PF! then led to the targeted acyl fluoride
21 (97 %), which cleanly withstood chromatographic purifi-
cation.

The assembly of the A;BC ring system 25 from its
monocyclic building blocks 12, 14, and 21 is shown in
Scheme 4. Thus, -glycosidic coupling,”! directed by the PhS
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Scheme 3. Synthesis of dichloroisoeverninic acyl fluoride (21).
a) 1. Zn(CN), (1.5 equiv), AICl; (2.4 equiv), HCI (g), 0°C, 3 h; 2. H,0,
0—100°C, 30 min, 92%; b) NaClO, (2.4 equiv), NaH,PO, (2.5 equiv),
DMSO, 0°C, 12 h, 80%; c) BnOH (2.0 equiv), DIAD (2.0 equiv), Ph;P
(2.0 equiv), THF, 0°C, 4 h, 100 % based on 75 % conversion; d) Cl, (1.0M in
AcOH, 3.0equiv), NaOAc (2.25equiv), AcOH, —50—0°C, 70%;
e) CH,N, (excess), Et,0, dark, 0°C, 12 h, 100%; f) DIBAL (1.2 equiv),
CH,Cl,, —78°C, 1h, 90%; g) PDC (3.0 equiv), 3-A molecular sieves,
CH,Cl,, 25°C, 3 h, 90%; h) NaClO, (3.0 equiv), NaH,PO, (3.0 equiv), 2-
methyl-2-butene (2.0M in THEF, 4.0 equiv), tBuOH, H,0, 25°C, 3 h, 95%;
i) [(Me;N),CF]PF, (1.5 equiv), iPr,NEt (2.0 equiv), CH,Cl,, 0—25°C,
12h, 97 %. DIAD = diisopropylazodicarboxylate, PDC = pyridinium di-
chromate.

24: R =PMB
25.R—H‘jf

Scheme 4. Assembly of the A;BC ring system 25. a) 12 (1.0 equiv), 14
(1.5 equiv), SnCl, (1.0 equiv), Et,0, 4-A molecular sieves, —15°C, 12 h,
78 %; b) Raney Ni (excess), MeOH, 65°C, 2 h; ¢) BnBr (2.0 equiv), NaH
(2.2 equiv), nBuNI (0.2 equiv), DMF, 0°C, 1 h; d) nBu,NF (1.3 equiv),
THE, 25°C, 2 h, 78 % over three steps; e) 1. 23 (1.0 equiv), 4-A molecular
sieves, THF, 2 h; 2. nBuLi (1.6M in hexanes, 2.0 equiv), 25°C, 1 h; 3.21
(3.0 equiv), THF, 24 h, 80%; f)DDQ (2.0 equiv), CH,CL/H,O (15/2),
25°C, 2 h, 80%. DDQ =2,3-dichloro-5,6-dicyano-1,4-benzoquinone.

group at C2, of 12 with 14 was promoted by SnCl, in Et,O to
afford disaccharide 22 in 78 % yield. Desulfurization of 22
with Raney Ni, followed by rebenzylation of the partially
deprotected hydroxyl group at C3 of ring C and desilylation,
furnished disaccharide 23 (78 % over three steps). Activation
of 23 with nBulLi facilitated its coupling with fluoride 21
(—24, 80%). Finally, selective removal of the PMB group
from 24 was achieved with DDQ to furnish 25 (80%).

The coupling of tricyclic system 25 with glycosyl fluoride
268 in the presence of BF; - Et,0O proceeded stereoselectively
to afford the desired a-glycoside 27 (95 %, Scheme 5), from
which the benzyl groups were selectively removed by hydro-
genolysis to afford the targeted A;B(A)C ring segment 28 of
everninomicin (1) in 95 % yield.

The described chemistry demonstrates a number of novel
synthetic strategies for the asymmetric synthesis of carbohy-
drate units corresponding to everninomicin and for their
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Table 1. Selected physical properties of compounds 22, 25, and 28.

22: R;=0.42 (silica gel, 30% Et,O in hexanes); [a]5 =—45.3 (c=0.97 in
CHCl;); IR (thin film): 7,,,, = 2930, 2855, 1514, 1472, 1438, 1248, 1102, 1024,
871,837 cm~'; 'H NMR (500 MHz, CDCl;): 6 =7.51-7.22 (m, 17H, ArH),
6.79 (d,J=8.5Hz,2H, ArH), 4.92 and 4.72 (AB, J=10.0 Hz, 2H, CH,Ar),
4.85 and 4.67 (AB, J=10.0 Hz, 2H, CH,Ar), 4.68 (d,/=9.0 Hz, 1H, H1'),
4.07 (d, J=8.5Hz, 1H, H1), 3.77 (s, 3H, p-CH;0Ar), 3.56 (dd, J=9.5,
9.0 Hz, 1H, H4), 3.44 (s, 3H, OCH,), 3.29 (m,4H, H3, H3', H4', H5 or HY'),
3.10(dd,J=10.5,8.5 Hz, 1 H, H2), 3.05 (dd, J =9.5, 6.0 Hz, 1 H, H5 or H5),
3.00 (dd,J=11.0,9.0 Hz, 1H, H2'), 1.45 (d,J = 6.5 Hz, 3H, H6 or H6'), 1.12
(d,/=6.0 Hz, 3H, H6' or H6), 0.92 (s, 9H, rBuSi), 0.06 (s, 3H, CH,Si), 0.05
(s, 3H, CH,Si); ®C NMR (125 MHz, CDCl;): 6 =138.8, 136.8, 134.5, 133.0,
130.6, 129.1, 128.5, 127.9, 127.4, 127.1, 126.2, 113.5, 103.9, 102.9, 82.9, 81.7,
80.8, 76.8, 75.7, 75.1, 72.5, 71.1, 57.6, 56.9, 55.6, 55.2, 26.0, 18.7, 18.3, 18.0,
—3.4, —3.9; HR-MS (FAB) calcd for CysHgO4S,SiCs [M + Cs*]: 965.2553,
found: 965.2521.

25: R;=0.29 (silica gel, 60 % Et,O in hexanes); [a]¥ =—6.43 (¢=0.53 in
CHC,); IR (thin film): 7,,,, = 3500, 2925, 1736, 1651, 1558, 1456, 1392, 1258,
1095, 1068, 1034 cm~'; '"H NMR (500 MHz, CDCl;): 6=7.60 (bd, J=
8.0Hz, 2H, ArH), 7.44-7.32 (m, 8H, ArH), 5.03 (s, 2H, A;-CH,Ar),
4.82 (dd, J=9.0, 8.5 Hz, 1 H, H4'), 4.80 (bd, /=9.0 Hz, 1H, H1’), 471 and
4.67 (AB,J=11.5Hz,2H, CH,Ar), 4.34 (dd,/=10.0,2.0 Hz, 1H, H1), 3.88
(s, 3H, A-OCHj;), 3.79 (bddd, J =9.5, 9.0, 4.0 Hz, 1H, H3'), 3.59 (ddd, J =
11.5, 8.5, 5.5 Hz, H3), 3.48 (s, 3H, OCH,), 3.38 (m, 2H, H5 and H5'), 3.29
(dd,/=9.5,8.5 Hz, 1H, H4), 2.68 (d,/ =4.0 Hz, 1H, OH), 2.36 (s, 3H, A;-
CH;), 2.36 (m, 1H, H2',)), 2.3 (ddd, /=125, 5.5, 2.0 Hz, 1H, H2,,), 1.74
(ddd,J=12.5,9.5,9.0 Hz, 1H, H2',,), 1.59 (ddd, J=12.5,11.5,10.0 Hz, 1 H,
H2,,),1.34 (d,J=5.5Hz, 1H, H6'), 1.30 (d, /= 6.0 Hz, 1H, H6); *C NMR
(125 MHz, CDCl): 6 =166.4, 153.0, 151.9, 138.6, 135.9, 133.2, 128.6, 128.5,
127.5,127.4,127.0,125.5, 121.4,100.5, 100.4, 83.2,79.9, 77.6, 74.9, 71.8, 70.9,
69.7, 62.4, 56.5, 39.4, 37.0, 30.3, 18.2, 17.7, 17.4; HRMS (FAB) calcd for
C36H,,040CLINa [M + Na*]: 727.2053, found: 727.2029.

28: R;=0.3 (silica gel, 50% Et,0 in hexanes); [a|# =—452 (¢=0.54 in
CHCI,); IR (thin film): 7,,,, = 3456, 2926, 2854, 1725, 1544, 1449, 1389, 1299,
1250, 1127, 1037 cm~!; 'H NMR (500 MHz, CDCL): 6 =6.98 (s, 1H, A;-
OH), 4.98 (dd,J=4.5,1.5 Hz, 1 H, H1"), 4.94 (dd, J=9.0, 9.0 Hz, 1 H, H4'),
4.53 (dd, J=9.5, 1.5 Hz, 1H, H1"), 440 (dd, /=9.5, 1.5 Hz, 1H, H1), 4.21
(ddd,J=11.5,9.5,5.5 Hz, 1H, H3'), 3.92 (dq, / =9.0, 6.5 Hz, 1H, H5'), 3.88
(s, 3H, A-OCH,), 3.65 (d, /=9.0 Hz, 1H, H4"), 3.62 (dq, J=9.0, 6.5 Hz,
1H, H5"), 3.63 (m, 1H, H3), 3.49 (s, 3H, 1-OCH,), 3.39 (m, 1 H, H5"), 3.35
(s, 3H, 4"-OCHs;), 2.99 (dd, J=9.0, 8.5 Hz, 1H, H4), 2.47 (dd, J=14.0,
5.0Hz, 1H, H2",,), 2.38 (s, 3H, A-CHj), 2.37-2.28 (m, 2H, H2,, and
H2',), 2.03 (dd, J=14.0, 2.0 Hz, 1H, H2",,), 1.76-1.58 (m, 2H, H2,, and
H2',,),1.67 (s,3H, 3"-CH,), 1.44 (d, /= 6.5 Hz, 3H, H6 or H6'),1.29 (d,J =
6.0 Hz, 3H, H6 or H6'), 0.86 (d, /= 6.0 Hz, 3H, H6"); ®*C NMR (125 MHz,
CDCl,): 6=165.5, 153.5, 150.2, 134.7, 125.5, 121.6, 117.6, 100.7, 92.5, 89.9,
89.0, 84.3, 82.8, 75.5, 72.0, 70.2, 69.5, 66.4, 62.1, 60.8, 56.7, 40.0, 38.1, 36.0,
34.3,29.7,19.5,18.1, 17.8, 17.7; HRMS (FAB) calcd for C;,H,;CLLNO,,Na
[M + Na*]: 734.1958, found: 734.1938.
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Scheme 5. Construction of the A;B(A)C ring system. a) 26 (1.8 equiv),
BF;-Et,0 (1.3 equiv), CH,Cl,, 4-A molecular sieves, —30—25°C, 36 h,
95%; b) H,, Pd/C, tBuOMe, 25°C, 2 h, 95%.
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stereocontrolled assembly into a polycyclic framework corre-
sponding to the A;B(A)C region of the target molecule 1. The
total synthesis of 1 and designed analogues for chemical
biology studies should be forthcoming.
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