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Abstract—Olefin metathesis catalyzed by Ry@HPh)(PCy), (1) has been used to synthesize homodimers of O- and S-alkenyl
a-sialoside derivatives. The reactions afforded reasonable to good yields under mild reaction coriditiosgeometrical isomers were
preferred in all case 2000 Elsevier Science Ltd. All rights reserved.

Introduction toward the synthesis of carbohydrate homodimers.
Recently, we reported an efficient method to synthesize
N-Acetylneuraminic acid (NeuAc) represents the most alkenyl O- and C-carbohydrate homodimers using Grubbs’
ubiquitous member of the sialic acid family of derivatives ruthenium carbene complex.** To further explore the
present on cell surface glycoproteins and glycoligids. scope and generality of this method, we describe herein
plays important roles in many biological processes, such the facile synthesis of divalent sialoside derivatives by
as regulation of biofluids and mucins visco$ignd dis- olefin metathesis reaction.
aggregation of cells by repulsive effeétdvloreover, as
terminal substituents, sialic acids are ideally suited to partici-
pate in protein—carbohydrate interactions that mediate cell Results and Discussion
surface recognition phenomena. Indeed, cell surface sialo-
sides are known to serve as ligands for microbial tofins, The requisite allyl3'® and n-penteny! Oe-sialoside 4
bacterial and viral adhesii$,and for mammalian lectins ~ were readily accessible from the corresponding alcohols
responsible for cell—cell adhesidf. using B-acetochloroneuraminic acid in the presence of
silver salicylate. Allyl thiosialosides was also prepared
Olefin metathesis catalyzed by transition metal has recentlyfrom 2 using phase transfer catalysis (PTC) as previously
emerged as a powerful tool for the formation of C—C bonds reported:’ Following improved phase transfer catalyzed
in organic synthesesGrubbs’ ruthenium carbene complex conditions developed in our laboratdfythe synthesis of
1'% is specially useful in this area because of its high reac- aryl a-sialosyl derivativess and 7 was achieved at room
tivity, stability to air, and tolerance to many functional temperature in a two phase system using ethyl acetate, 1 M
groups. However, only few examples have been reportedsodium carbonate and tetrabutylammonium hydrogen
in carbohydrate-related ring-closing metathéSigross- sulfate as phase transfer catalyst. The reactions were
metathesié/,2 and ring-opening metathe&isreactions. It entirely stereospecific and provided crystall®end 7 in
seemed appealing to apply the olefin metathesis reaction64 and 75% yield, respectively (Scheme 1).
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Treatment of allyl Oa-sialoside3 with 5 mol% of Grubbs’ NMR spectrum oB showed a downfield shift for CL2n the

catalyst 1 in refluxing CHCI, under nitrogen afforded E isomer ¢ 64.6 ppm, A 3.7 ppm) compared tod

homodimer8 in 82% yield as a mixture of 7:E and Z 60.9 ppm for that of th& isomer.

isomers (Scheme 2). Some starting material together with

trace amount of cross-metathesis product from the initially Olefin metathesis of the longer spacgpentenyl Oe-sialo-

released styrene was also obtained. side 4 under similar reaction conditions afforded homo-
dimer9in 88% yield as a 3:1 mixture df andZ isomers.

The ratio of the inseparable andZ isomers could not be  Monomer4 was more reactive thaBbecause of less steric

determined from theH NMR spectrum of the dimeB hindrance around the quaternary anomeric center, as a

because of overlapping signals. However, it could be consequence, the andZ stereoselectivity decreased from

assigned after compourtlwas deacetylated under trans- 7:1 to 3:1.

esterification conditions (NaOMe, MeOH). TH& NMR

spectrum was more informative to confirm the identity of Sulfur-containing compounds have long been known to

theE andZ isomers. It is generally accepted that the carbon act as poisons for transition metal catalysts because of

a to the double bond in th& isomer is more shielded than their strong coordinating properties, which cause them

that in theE isomer due to they effect’® The empirical  to block the reactive sites of the metdfs.So, as

relationship 8,7, <8,k, allowed us to assign the relative expected, allyl thiosialosides showed less reactivity

configuration of theE andZ isomers. For instance, tHé&C toward Grubbs’ catalystl when compared to the
PCys
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N
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Scheme 3.
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Table 1. Olefin self metathesis of alkenyl sialic acids
Entry Substrate Product Catalyst amount (mol %) Time (h) Yield® (%) (E/2) Ratid®
1 3 8 5 6 82 7/
2 4 9 5 2 88 3/t
3 5 10 10 24 26 2.5/1
4 6 11 5 2 78 1.7/1
5 7 12 10 24 37 1/0

& After purification by column chromatography.
® Determined by'H NMR.
 The ratio was determined from its deacetylated derivatives.

corresponding O-glycoside analod3 @). However, the
expected homodimet0 could be obtained in 26% yield
together with recovered starting materiél by using

more catalyst and prolonged heating.

To further explore the scope of this method, the more rigid
2-allylphenyl sialosidé® and 4-vinylphenyl sialosidé were
treated with Grubbs’ catalyst under similar reaction con-
ditions to give compound$land12in 78 and 37% yields,
respectively (Schemes 3 and 4). Interestingly, compdihd
was obtained as a single isomer. The results and con-
ditions are summarized in Table 1.

Each of thea-sialodimers8-12 were transformed into

CDCl; solutions. Carbon chemical shifts were given relative
to CDCk (77.0 ppm). Assignments were based on COSY,
HMQC and DEPT experiments. Mass spectra were obtained
using a Kratos Il H instrument (FAB-glycerol). Optical
rotations were measured on a Perkin—Elmer 241 polari-
meter and were run at 23. Thin layer chromatography
(TLC) was performed on silica gel 60 F-254, and column
chromatography was carried out on silica gel 60.

General procedure for the preparation of aryl sialosides
by PTC reaction

To a solution of freshly preparegl-acetochloroneuraminic

single compound by hydrogenation at atmospheric pressureacid 2 (0.4 g, 0.78 mmol) in ethyl acetate (10 mL) was
(10% Pd/C, 1-12 h) to give their corresponding saturated @dded a solution of phenol derivatives (2-allyl phenol or

a-sialodimersBa—12a, respectively, in quantitative yields.

4-vinyl phenol) (2 equiv.) and tetrabutylammonium hydro-
gen sulfate (265 mg, 0.78 mmol) in 1 M sodium carbonate

In summary, olefin metathesis reaction provides a facile (10 mL). The reaction mixture was vigorously stirred at
approach toward the synthesis of divalent sialoside deriva- 'oom temperature until TLC indicated complete transfor-
tives. The reactions afforded reasonable yields under mild mation of the starting material (1 h). The reaction was
reaction conditions. Vinyl substituted aryl sialosides diluted with ethyl acetate (20 mL). The organic layer was
provided only thetrans isomer as previously expected on separated and washed with saturated sodium chloride
the basis of analogous resuffs. solution (20 mL). The organic phase was dried over
Na,SO, and concentrated under reduced pressure. The
residue was purified by silica gel column chromatography
using dichloromethane—methanol (30:1) as eluant to obtain
pure product.

Experimental

General methods

Methyl (2-allylphenyl 5-acetamido-4,7,8,9-tetra©-ace-
Melting points were determined on a Gallenkamp apparatustyl-3,5-dideoxy-d-glycerc«-d-galacto2-nonulopyranosid)
and are uncorrectetH and**C NMR spectra were recorded  onate (6). White solid (64%); mp 86—8€; [a]p=+0.2 (€
on a Bruker AMX 500 instrument. Proton chemical shifts 1.0, CHCL); *H NMR (CDCl) & 7.09-6.40 (m, 4H,
(8) were given relative to internal CHE(7.24 ppm) for aromatic H), 5.88-5.81 (m, 1H, +&=), 5.79 (d, 1H,
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Jsni=10.1Hz, NH), 5.31-5.30 (m, 2H, H-7, H-8),
4.99-4.94 (m, 2H=CH,), 4.87 (m, 1H, H-4), 4.38 (d,
1H, Jss=10.9Hz, H-6), 4.23 (dd, 1H,Jse=2.0 Hz,
Joaoi=12.4 Hz, H-9a), 4.12-4.09 (m, 2H, H-9b, H-5),
3.53 (s, 3H, OCH), 3.03-3.28 (m, 2H, —B,CH=), 2.63
(dd, 1H,Jge ~4.7 Hz, Jg0 3=12.9 Hz, H-3e), 2.16 (dd, 1H,

J3a4~12.4 Hz, H-3a), 2.06, 2.05, 1.96, 1.95, 1.82 (5s, 15H,

NAc, OAc). °C NMR (CDCL) 6 170.7-169.9 (€=0),
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62.30 (C-9trang), 62.19 (C-9cis), 60.92 (C-2 cis), 52.59
(OCH,), 49.22 (C-5), 37.94 (C-3rans), 37.85 (C-3cis);
FAB-MS: 1035.4 ([M+1]", 5.3%); Anal. Calcd for
CuHeN,Os6 C, 51.06: H, 6.04; N: 2.71. Found: C, 50.67;
H, 5.97; N, 2.72.

(E, 2) 1,8-Di-O-(methyl 5-acetamido-4,7,8,9-tetrad-ace-
tyl-3,5-dideoxy-d-glycerca-d-galacto-2-nonulopyrano-

168.1 (C-1), 150.2, 131.1, 129.9, 127.2, 123.8 (aromatic sylonate)-oct-4-ene (9)'H NMR (CDCl) & 5.53 (d, 2H,

C), 136.5 (C-2, 115.5 (C-1), 100.1 (C-2), 73.4 (C-6),
69.5 (C-8), 68.9 (C-4), 68.0 (C-7), 62.0 (C-9), 52.7
(CH30), 49.1 (C-5), 37.9 (C-3), 34.4 (C33 23.0, 20.9,
20.7, 20.6 (NAc, OAc); FAB-MS: 608.3 ([M1]",
41.1%); Anal. Calcd for gHs/NO.3 C, 57.33; H, 6.14;
N: 2.31. Found: C, 57.03; H, 5.99; N, 2.37.

Methyl (4-vinylphenyl 5-acetamido-4,7,8,9-tetra©-ace-
tyl-3,5-dideoxy-d-glycerca-d-galacte2-nonulopyranosid)
onate (7).White solid (75%); mp 81-8Z; [a]p=+14.8 C
1.2, CHCE); *H NMR (CDCly) 6 7.23 (d, 2H,J=8.8 Hz,
aromatic H), 6.93 (d, 2H, aromatic H), 6.57 (dd, 1H,
—CH=), 5.77 (d, 1H,Jsn=11.1 Hz, NH), 5.58 (d, 1H,
Jyrans=17.6 Hz, GH4,=), 5.30 (m, 2H, H-7, H-8), 5.10 (d,
1H, J;=11.0 Hz, GH,=), 4.87 (ddd, 1H, H-4), 4.36 (dd,
1H, J56=10.7 Hz, Js7<1Hz, H-6), 4.25 (dd, 1H,
Jgoi=1.5Hz, Joao=12.7 Hz, H-9a), 4.10 (dd, 1H,
Jgo=2.6 Hz, H-9b), 4.04 (ddd, 1HJ;s=10.4 Hz, H-5),
3.57 (s, 3H, OCH), 2.62 (dd, 1H, Jz~=4.7 Hz,
Jza3:=13 Hz, H-3e), 2.14 (dd, 1HJ3,~12.7 Hz, H-3a),
2.07, 2.05, 1.96, 1.95, 1.82 (5s, 15H, NAc, OAZJC
NMR (CDCl;) 170.8-169.9 (€=0), 168.1 (C-1), 153.3,
133.4, 127.1, 119.8 (aromatic C), 135.9 (};2113.0
(C-1), 99.9 (C-2), 76.8 (C-6), 69.5 (C-8), 68.8 (C-4), 67.4
(C-7),62.0 (C-9), 52.8 (CkD), 49.1 (C-5), 38.0 (C-3), 23.0,
20.9, 20.7, 20.6 (NAc, OAc); FAB-MS: 594.3 ([M1]",
28.7%); Anal. Calcd for ggH3sNO,3: C, 56.66; H, 5.94;
N: 2.36. Found: C, 56.42; H, 5.86; N, 2.48.

Typical procedure for the preparation of divalent
sialoside derivatives 8—12 by olefin metathesis reaction

To a solution of alkenyl glycoside (100 mg) in dry dichloro-

Jsnk=9.5 Hz, NH), 5.36—-5.24 (m, 6H, Hirans H-1' cis,
H-8, H-7), 4.77 (m, 2H, H-4), 4.25 (dd, 2Hg~=2.6 Hz,
Joaor=12.4 Hz, H-9a), 4.08-3.86 (m, 6H, H-9b, H-6, H-5),
3.71 (s, 6H, OCH), 3.69 (m, 2H, —O€El,—), 3.15 (m, 2H,
—OG_|2—), 251 (dd, 2H,\]3e’4=4.6 HZ, J3a, 39=128 HZ,
H-3e), 1.87 (dd, 2H,J3,4~=12.5Hz, H-3a), 2.07, 2.06,
1.97, 1.96, 1.81 (5s, 30H, NHAc, OAc), 1.98 (m, 4H,
—CH,CH=), 1.52 (m, 4H, —OCHKCH,-); *C NMR
(CDCl;) 6 170.88-169.97 (€0), 168.45 (C-1), 129.78
(C-1’ trang), 129.32 (C-1cis), 98.68 (C-2), 72.41 (C-6),
69.15 (C-4), 68.86 (C-8), 67.38 (C-7), 64.35 (Ctans),
64.29 (C-4 cis), 62.28 (C-9), 52.51 (OC¥), 37.98 (C-3),
29.51 (C-3 cis), 29.43 (C-3 trang), 28.70 (C-2 trang),
23.32 (C-2 cis); FAB-MS: 1091.5 ([M+1]", 4.3%); Anal.
Calcd for GgH/N,O,s C, 52.84; H, 6.47; N: 2.57.
Found: C, 52.49; H, 6.46; N, 2.59.

Compound (10). *H NMR (CDCl;) & 5.54 (t, 1.14H,
J=3.9 Hz, H- trang), 5.48 (t, 0.86H,J=5.2 Hz, H-¥
cis), 5.36-5.18 (m, 6H, H-8, H-7, NH), 4.83 (m, 2H,
H-4), 4.28—-4.25 (m, 2H, H-9ais, H-9atrans), 4.08—4.06
(m, 2H, H-9bcis, H-9b trans), 4.00 (ddd, 2HJ=10.4 Hz,
H-5), 3.71-3.76 (m, 2H, H-6), 3.78 (s, 1.71H, OC¢is),
3.76 (s, 4.29H, OCHltransg), 3.34-3.18 (m, 2H, H-2cis,
H-2' trang), 2.69-2.65 (m, 2H, H-3eis, H-3etrans), 1.93
(m, 2H, H-3a), 2.12, 2.10, 1.99, 1.98, 1.83 (5s, 30H, NHAC,
OAc); **C NMR (CDCL) 6 170.84—169.97 (E-O), 168.46
(C-1cis), 168.22 (C-1trang), 128.39 (C-1trang), 127.89
(C-1' cis), 83.25 (C-2cis), 82.87 (C-2trang), 74.20 (C-6
cis), 74.02 (C-6transg), 69.53 (C-4), 68.70 (C-8is), 68.44
(C-8trang), 67.34 (C-Tcis), 67.25 (C-7trans), 62.16 (C-9),
53.01 (OCH trans), 52.99 (OCH cis), 49.36 (C-5), 37.82
(C-3), 30.41 (C-2trang), 25.40 (C-2cis); FAB-MS: 1067.4

methane (2mL) was added ruthenium catalyst (5-10 ([M+1]", 3.9%); Anal. Calcd for GHeN,02,S,: C, 49.52;
mol%). The reaction mixture was refluxed under nitrogen H, 5.86; N: 2.63. Found: C, 49.41; H, 5.97; N, 2.63.
for 2—24 h. The reaction was monitored by TLC. The reac-

tion mixture was concentrated and purified by silica gel Compound (11).*H NMR (CDCly) 6 7.24—6.93 (m, 8H,
column chromatography using dichloromethane—methanol aromatic H), 5.60 (t, 0.74H])=5.2 Hz, H-Z cis), 5.56 {t,
(20:1) as eluant to obtain pure product. 1.26H,J=3.7 Hz, H-X trans), 5.50 (d, 2H,Js \yv=10.1 Hz,
NH), 5.35-5.31 (m, 4H, H-7, H-8), 4.92-4.87 (m, 2H, H-4),
4.48-4.37 (m, 2H, H-6cis, H-6 trans), 4.26 (dd, 2H,
Jgoi=2.3 Hz, Jga0=12.8 Hz, H-9a), 4.12 (dd, 2H,
Jgo=4.7 Hz, H-9b), 4.09-4.05 (m, 2H, H-Bis, H-5
trang), 3.55 (s, 2.22H, OCHlcis), 3.53 (s, 3.78H, OCH
trans), 3.41 (t, 1.48H, H-2 cis), 3.29 (t, 2.52H, H-2
trans), 2.65 (dd, 0.74H, H-3ecis), 2.68 (dd, 1.26H,
Jze, 4.7 Hz, J3,3~13.0 Hz, H-3etrans), 2.20-2.11 (m,
2H, H-3acis, H-3atrans), 2.06, 2.05, 1.96, 1.95, 1.82 (5s,
30H, NHAc, OAc). *C NMR (CDClL) & 170.73-169.87
(C=0), 168.06 (C-1cis), 168.02 (C-ltrang), 129.74
(C-1' trans), 128.34 (C-1 cis), 100.23 (C-2), 73.34 (C-6
cis), 73.31 (C-6trang), 69.40 (C-8trans), 69.36 (C-8cis),
68.80 (C-4trans), 68.76 (C-4cis), 67.42 (C-7), 61.96 (C-9),
52.80 (CHO cis), 52.75 (CHO trans), 49.25 (C-5), 37.94

(E, 2) 1,4-Di-O-(methyl 5-acetamido-4,7,8,9-tetrad-ace-
tyl-3,5-dideoxy-d-glyceroc-a-d-galacto-2-nonulopyrano-
sylonate)-but-2-ene (8)."H NMR (CDCl;) 5.66 (m, 2H,
H-1' trans H-1’ cis), 5.51-5.23 (m, 6H, NH, H-8, H-7),
4.76 (m, 2H, H-4), 4.23-4.18 (m, 4H, H-9a, HE=),
4.04-3.96 (m, 6H, H-9b, H-6, H-5), 3.77-3.71 (m, 2H,
—CH,C=), 3.70 (s, 6H, OCH, 2.52 (dd, 2H,
Jse=4.5Hz, J353=12.8 Hz, H-3e), 1.87 (dd, 2H,
J3a4~12.6 Hz, H-3a), 2.06, 1.96, 1.95, 1.79 (5s, 30H,
NHAc, OAc); *C NMR (CDCk) 170.85-169.97 (€-0),
168.26 (C-1cis), 168.18 (C-1trans), 128.18 (C-1 cis),
128.14 (C-1 trang), 98.56 (C-2cis), 98.28 (C-2trans),
72.46 (C-6cis), 72.39 (C-6trans), 69.14 (C-4cis), 69.02
(C-4 trang), 68.55 (C-8), 67.25 (C-7), 64.58 (C-&ang),
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(C-3cis), 37.80 (C-3trang), 32.99 (C-2tranyg), 27.67 (C-2
cis); FAB-MS: 1187.5 ([M+1]", 11.1%); Anal. Calcd for
Cs6H70N2O6: C, 55.64; H, 5.95; N: 2.36. Found: C, 55.38;
H, 5.98; N, 2.30.

Compound (12).White solid (CHCIl,—Hexane); mp 110—
1171°C; [a]p=+207 (c 1.0, CHCL); 'H NMR (CDCly) &
7.36 (d, 4H,J=8.8 Hz, aromatic H), 7.01 (d, 4H, aromatic
H), 6.93 (s, 2H, —€&l=), 5.37-5.33 (m, 6H, NH, H-7, H-8),
4.94 (ddd, 2H, H-4), 4.40 (dd, 2HJss=10.8 Hz,
Js7=1.7Hz, H-6), 4.30 (dd, 2H, Jgo=2.4Hz,
Joaoi=12.5 Hz, H-9a), 4.15 (dd, 2Hlg o=4.7 Hz, H-9b),
4.07 (ddd, 2HJ45=10.4 Hz,J5 n\v=11.1 Hz, H-5), 3.63 (s,
6H, OC"E), 2.68 (dd, 2H,Jge'4=4.6 HZ, \]3a’ 3e=129 HZ,
H-3e), 2.20 (dd, 2H,J3,4~12.5 Hz, H-3a), 2.13, 2.11,
2.02, 2.01, 1.89 (5s, 30H, NAc, OAc)C NMR (CDCL)

6 170.9-170.0 (€=0), 168.1 (C-1), 153.2, 133.2, 127.3,
120.0 (aromatic C), 127.1 (<€), 100.0 (C-2), 73.3 (C-6),
69.2 (C-8), 68.7 (C-4), 67.3 (C-7), 62.0 (C-9), 52.9 (CH,
49.4 (C-5), 38.1 (C-3); FAB-MS: 1159.3 ([M1]",
0.4%); Anal. Calcd for G4HeeN.Oys: C, 56.86; H,
5.74; N: 2.42. Found: C, 56.04; H, 5.66; N, 2.42.

Preparation of divalent sialoside derivatives 8a—12a by
reduction reaction—typical procedure

To a-sialodimer8 (20 mg,) in ethanol (2 mL) was added
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J3a~12.5Hz, H-3a), 2.10, 2.09, 2.00, 1.98, 1.84 (5s,
30H, NHAc, OAc), 1.48 (m, 4H, —OC}CH,-), 1.29-
1.21 (m, 8H, —O(CH)(CH,),-); *C NMR (CDCL) &
171.0-168.5 (E0), 98.7 (C-2), 72.4 (C-6), 69.1 (C-4),
68.7 (C-8), 67.3 (C-7), 65.0 (CH,(CH,),), 62.3 (C-9),
52.6 (OCH), 49.4 (C-5), 37.7 (C-3), 29.3 (OGBH,CH)),
25.8 (O(CH),CH,), 23.1 (NHAC), 21.1, 20.8, 20.7 (OAc);
HRMS calcd for GgH75N»056 (MH ™) mVz 1093.4452, found
1093.4441.

Compound (10a). Mp 88-90C (CH,Cl,—Hexane);
[a]p=+27.5 (c 1.0, CHCL); 'H NMR (CDCl) & 5.34—
5.28 (m, 4H, H-8, H-7), 5.20 (d, 2Hl\y 5=10.1 Hz, NH),
484 (m, 2H, H-4), 427 (dd, 2H,Jze+=2.4Hz,
Joao=12.4 Hz, H-9a), 4.08 (dd, 2HJg o=4.7 Hz, H-9b),
4.00 (ddd, 2HJ=10.4 Hz, H-5), 3.82—-3.80 (m, 2H, H-6),
3.78 (s, 6H, OCH), 2.70 (m, 2H, —S€E,-), 2.68 (dd, 2H,
J3e. =4.7 Hz,33, 3=12.7 Hz, H-3e), 2.54 (m, 2H, —$G-),
1.94 (dd, 2H,J5, ~=12.4 Hz, H-3a), 2.13, 2.11, 2.01, 2.00,
1.85 (5s, 30H, NHAc, OAc), 1.57 (m, 4H, —SGEH,-);
13C NMR (CDCE) 6 171.0-170.0 (€=0), 83.0 (C-2), 74.0
(C-6), 69.6 (C-4), 68.5 (C-8), 67.2 (C-7), 62.1 (C-9), 53.0
(OCHg), 49.4 (C-5), 38.0 (C-3), 28.4 (€H,—), 28.3
(-SCHCH,—-), 23.2 (NHAc), 21.2, 20.9, 20.8 (OAc);
HRMS calcd for GuHgsN»0..S, (MH™) nvz 1069.33609,
found 1069.3352.

10% Pd/C (2 mg). The mixture was stirred at room tempera- Compound (11a). Mp 93-94C (CH,Cl,—hexane);
ture for 1 h under hydrogen atmosphere. The reaction [a]p=—3.0° (c 1.0, CHC}); 'H NMR (CDCly) 7.14-6.93
mixture was filtered and concentrated to yield compound (m, 8H, aromatic H), 5.39-5.30 (m, 4H, H-7, H-8), 5.27 (d,

8a as a white solid (20 mg, 100%).

a-Sialodimers9a, 11aand12awere obtained in the same
manner from glycodimer®, 11 and 12 in quantitative
yields. Howeverp-thiosialodimerl0 was treated with the

2H, Js ni=10.1 Hz, NH), 4.91 (m, 2H, H-4), 4.41 (dd, 2H,
Jo7=1.8 Hz,J56=10.8 Hz, H-6), 4.27 (dd, 2Hls 9:=2.6 Hz,
Joao=12.5 Hz, H-9a), 4.14 (dd, 2H]g o;=4.9 Hz, H-9D),
4.07 (ddd, 2H,J,=10.4 Hz, H-5), 3.55 (s, 6H, OCH
2.62 (dd, 2H,Jse~4.7 Hz, J3a5=12.9 Hz, H-3e), 2.57

same mass amount of palladium catalyst for 12 h to afford (m, 4H, —Ph—@i,—), 2.18 (dd, 2HJ3,4+~12.6 Hz, H-3a),

compundlOain 100% yield.

Compound (8a). mp 104-10%C (CH,Cl,—Hexane);
[a]p=—18.2 (c 1.0, CHCL); 'H NMR (CDCl;) & 5.34
(m, 2H, H-8), 5.29 (dd, 2HJs~=2.1 Hz. J;=8.2 Hz,
H-7), 5.21 (d, 2H,Jyn5=9.7 Hz, NH), 4.80 (m, 2H, H-4),
4.27 (dd, 2H,J39=2.7 Hz, Jga05=12.4 Hz, H-9a), 4.09—
3.98 (m, 6H, H-9b, H-6, H-5), 3.75 (s, 6H, OGH 3.74
(m, 2H, —OQH,-), 3.16 (m, 2H, —OE,-), 2.53 (dd, 2H,
Jze =4.6 HZ, J35 3:=12.8Hz, H-3e), 1.90 (dd, 2H,
J3a~=12.6 Hz, H-3a), 2.11, 2.10, 2.00, 1.99, 1.84 (5s,
30H, NHAc, OAc), 1.55 (m, 4H, —OCHCH,—); °C NMR
(CDCl3) 170.0-168.3 (€=0), 98.7 (C-2), 72.4 (C-6), 69.1
(C-4), 68.6 (C-8), 67.2 (C-7), 64.7 (-GH,CH,-),
62.2 (C-9), 52.7 (OCk), 49.4 (C-5), 38.0 (C-3), 26.1
(—-OCH,CH,-), 23.2 (NHAc), 21.0, 20.8, 20.7 (OAc);
HRMS calcd for GuHgsN,Oz (MH™) mvz 1037.3826,
found 1037.3836.

Compound (9a). mp 82-84C (CH,Cl,—Hexane);
[a]p=—15.% (c 1.0, CHCL); '"H NMR (CDCl;) & 5.35
(m, 2H, H-8), 5.29 (dd, 2HJs~=2.0 Hz. J;¢=8.1 Hz,
H-7), 5.24 (d, 2HJyn5=9.4 Hz, NH), 4.80 (m, 2H, H-4),
4.27 (dd, 2H,J50:=2.7 Hz, Joa07=12.4 Hz, H-9a), 4.09—
3.99 (m, 6H, H-9b, H-6, H-5), 3.75 (s, 6H, OGH 3.70
(m, 2H, —OCH,-), 3.15 (m, 2H, —OB,—-), 2.53 (dd, 2H,
Jsei=4.THz, J3a3:12.8Hz, H-3e), 1.90 (dd, 2H,

2.12,2.10, 2.01, 2.00, 1.88 (5s, 30H, NHAc, OAc), 1.57 (m,
4H, —Ph—CHCH,-); **C NMR (CDCk) & 170.9-168.1
(C=0), 151.9, 133.4, 126.8, 124.7, 118.9 (6C, aromatic),
100.2 (C-2), 73.3 (C-6), 69.3 (C-8), 68.8 (C-4), 67.4 (C-7),
62.0 (C-9), 52.80 (CED), 49.3 (C-5), 37.8 (C-3), 30.2, 29.6
(-CH,CH,-), 23.1 (NHACc), 21.0, 20.8, 20.7 (OAc); HRMS
caled for GsH7sN,Ops (MHT) mvz 1189.4452, found
1189.4432.

Compound (12a). Mp 102-103C (CH,Cl,—Hexane);
[a]p=+3.6" (c 1.0, CHCL); *H NMR (CDCl;) 6 6.98 (d,
4H, J=8.6 Hz, aromatic H), 6.92 (d, 4H, aromatic H), 5.37
(m, 2H, H-8), 5.34 (dd, 2HJs =1.8 Hz.J;5=8.2 Hz, H-7),
5.31 (d, 2H,J5\=10.1 Hz, NH), 4.90 (m, 2H, H-4), 4.34
(dd, 2H, Js7=1.8 Hz, J5=10.8 Hz, H-6), 4.30 (dd, 2H,
Jsoi=2.5Hz, Joaei=12.5Hz, H-9a), 4.16 (dd, 2H,
Jgo=4.7 Hz, H-9b), 4.05 (ddd, 2HJ,5=10.4 Hz, H-5),
3.58 (s, 6H, OCH), 2.80 (m, 4H, —Ph—B,-), 2.66 (dd,
2H, Jae=4.7 Hz, Jsa3=12.9 Hz, H-3e), 2.16 (dd, 2H,
Jsai=12.6 Hz, H-3a), 2.12, 2.10, 2.03, 2.00, 1.88 (5s,
30H, NHAc, OAc); **C NMR (CDCk) & 170.9-168.0
(C=0), 151.8, 137.3, 129.3, 120.0 (aromatic C),
100.2 (C-2), 73.2 (C-6), 69.2 (C-8), 68.9 (C-4), 67.3
(C-7), 62.0 (C-9), 52.9 (C§D), 49.3 (C-5), 38.0
(C-3), 37.0 CHy), 23.2 (NHAc), 21.0, 20.8, 21.7
(OAc); HRMS calcd for GsHgN.Ops (MH') vz
1161.4139, found 1161.4138.
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