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ABSTRACT

C-glycosylaied mryl tios have been prepared s versmiile building blocks of
Physinlo;u:ally swhle gligomimeﬁa for glycoepitopes that have been recognized 10 sarve
blologically important roles in cell biochemisay.

INTRODUCTION

Glycoconjugates, also termed glycakipids, glycoproiins or prowoglycans, located on
call surfaces or extracelluler matrices, bave been recognized 12 be strongly invelved in the
busiz pheanmena governing glktcellolar society, such as ceil differsntiation and growth,
1ecognition and adhesiun, fertilization and izyplastation, growth of carocr celks, immunity,
aging aad 20 foith, and Also in adhesiou of bacteria and viruses throogh intercellular
interaction.' ) ,

Some of these phenomena ore thought © depsod on specific small motifs of
oligosaccharides in hugs glycocaujugatss. Tn a slalyl Lewls* which mediates leukocytes
rolling o sudullclisl cells and results in leukovyws migration to the. inflaroec tissue, the
cartboxylic ekl I the slalic cid, and whe galactose and the fucose rioletes ar+ necessary ©

n
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fmteract with sexectins.? A pentaseccharide constinnies the active site on beparins for the
amithrorabin I binding activity.?

u:o»;—,q?\é: -
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In the course of our continuous cffort 1o scek physiologically stable glycomimetics of
thos= biciogically impoertant glycoepitopes, aryl C-glycosides have becn proposed.*
We doscribe hee the proparation of C-glycosylatsd aryl tins {1) that are versatile

buikling blcks for aryl C-glyeoside glycomiinetics, coupled with palladinm madined C-C -

bond formwtion resctions. The palksdhun catelyzed coss-coupling reactions of organotin
compounds with & varisty of ergenic elovtrophiles wero well documented® becouse of te
mildn=ss of the reactions and of their compatibility with a wids rangs of functional groups
on either coupling pritners,

RESULTS AND DISCUSSION

Although there are a couple of possible isethods to Introduce & stannyl group oRio an
aromatic ring,* the palladivprcatalyzed substifution reaction of the comespondinZ uromatic
balids Is consifered o be 2 general purpose method and folerable by 2 wide range of
finctonnl groups. -«

. The genenal synthet'c methods of the C-glycosylated aryl tins (1) are ns follows
(Scheme 1),

1. Puracervluted sugars were cocpled with arometics under $0Cl,-AgOTa conditions
o af¥ord aryl C-glycosides (3)." The conventiorsl bromination of the uryl C-glycosides (3)
afforded ths C-glycosylated aryl bromides (2). Bromivaed sromabics with peracetylated
sugars osing SnCl-AgOTla sk afforded the C-glycosylsted aryl bromides (2). Each
method was selocted depending on the wility or the resctvity of aroieetic rings.

2. Subscquent stamnyletion of the C-giyeosylated aryl bromides (2) was
accompished by  C-glycosyhled aryl bromides  (2),  bis(ribatylkin),
tervakis(triphenylphosphine)saliatium (0} 2nd, powessium carbonate (1 /1.2/ 0.1/ 2) ia
refluxing ltens {condition A).% As some of thn procucts (L) are Lalils to sifica gel and
give destmnyl-protonated product. a ropid, shont colvmn i recommended for
surification. ) .

Tn the Table, some of the selstted cxamplae ar arranged :n onder of arientation of
Sugar parts and tins. ' ]
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gcheme 1. Generald Synthetio Rsthods for C-Glycosylated Aryi Tine
8. SnCly, AGOTTa / GHzCl, b, Brp/ OCle c. EaiSnBnBug, Pd(PPhyly KaCOn/ whnire.

TABLE. Varsotlle C-Glycosylated Aryl Ting

OO0 Pd cal., BusEnSnB ~
O gr  addilivo /scivent S Mw.{)‘m,

1,4-Orlented C-glyoosylated aryl tine
.
;&z;h T 025G W
A GnBy, Lik o OAE Bnbu, 50%
[ ] Oky
DAg o .
A0 : a0 2303 . 10!
A0 DA angy, 00%" AL g Sy, 30K
Ohda OMe
QA e
A#&%o 1o N~ oy [ .
QAC * Saliu, a7%° AcO B2y, 4%
Chie ) Ol
1,3-Orlented Oglyoosylatod aryl tine
) A
i 15. i
.MDOM m 57“’ me
Snsu,

a Condlitior A; C-Glyccsylated aryl brownide ! BuaSrSnBuy - PA{PPhgly : KeCOa = 1
1.2:0.1 : 2 in refuxing toluens, b. Condition B; same sa condition A but 1.8 ag of
BusSnSnBu, was used, ¢. Condition C; C-glycosyiated aryl brornide : BuySnSnBug ;
Pd(OAc): : P{nBu)g : Kz003w 1 1.2: 0.1 : 2 In refhadng 1,4-dixane.
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374 KURIBAYASHIET AL,

Ald:ough cundilion A was elfeetive for the preparation of C-fuconylsed or C-
gulactosylated ary] tics, it failed 1w afford g0 yelds in cases such g5 glicose-,
glucosaming-, rhaninose- and xylose-derived acyl bromides. The addition of & slight excess
bis(wribatyltie) (1.6 eq) was found to afford & faic'y Zood yirld for eaciyof the above cases
{condition B).

Noteworthy is the attamment of a C-sinlylmted aryl tin (1h), which will be a
promising building block % provide the glycomimetics of sialylaied ephiopes thar are
considered to pliy o key role i cell commbnications. However. the syatbesis of the C-

Sialylaved aryl tin (1h} using either condllon Jed to some problems in purificetion. Afier

scveral trials (o find & condidon hat would provide the pure C-sialyinted ary] tin (1h) in
good yield, paliadiom acetate (T1) (0.1 eq), tri--batylphosphine (0.2 2q) and poressium
carhmate (2 cq) in refluxing 1,4-dioxane was found o afford the pure prodact (Lh) I
38% yield (condition C),

The protective group was redily converted (iom e acstyl group lo the beazy! group
by the conventional methods without my problems (Seheme 2). The fensibility of the
protective group conversion will expand the usc of theas building blocks.

The palladium eoapling of C-glycesykted aryl tins with a wide range of electrophile;
I8c aryl halides, benzyl halldos, viny! halides, allyl hafides, acid halides and so forh will
be reporis) elsewhere,

EXPERIMENTAL

Generel welhods. Aoulytical TLC was done on E. Merck mecoated (0.25 mm)
silica gel 60 254 plawes. Column chromatopraphy was condueted nsing silica get 60 (E
Merck 9345, 230-400 mesh). Melting polnts were measured with a Yanaco MP-500D and
were unccirecial Infrared (JR) spectrn were recorded on a2 JASCO FT-JR-8900
spectromster, 'H NMR specira wers metsured on @ JEOL-TNM-EX-270 (270 MHY) ot a
JBOL INM-GX-170 (270 MHz) spectrompetes. Choquical shifts from '"H NMR specira are
reporicd relative t toramethytsilario (5 0). Splitting patterns are indicated = 5. single; d,
doublst; ¢, wiplet; q, quartet; m, fultiphs; br, broad, Mass spectra were recorded with a
JBOL HX-100, a SX-102A or & JMS-AX-505H mass spectrometer, Optizal rotsdion was
measured on a Perkins-Elmer 241 polarincter. All experiments were carried out onder a
nitrogen Bmosphere. In cxpesiments requiring dry solvents, dry CH,CL, and toluene were
purchased from Kanio Cheadea, 1M $nCl, CH,CI, solution was purchased from Aldrich,
Otber chemicals wars used as puzchased,

Procedwre for aryl C-glycosidaiion of suger ncehtei and P
dimethoxyheazene.

1,4-Dimethoxy-2-(2,3,4-trl-0-acetyl-B-L-facopyrancsyl)benzane (3s).
To a mixture of L-focose tetraacetats (10 g, 30 mmol), p-dimethoxybenzeue (6.2 g, 45
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C-GLYCOSYLATED ARYL TINS }:4

Schome 2. Benzyl Protected C-Glycosylated Aryl Tins

mmol) and AgOTia (9.9 g, 45 mmol) in CH,Cl, (150 mL) at 0 “C was added SnCl, 1M
CH,C), soludon (1.5 mL, 1.5 mmol) dropwise. After the reaction mixwre was stirred for 2
het 0°C, IN HCI squeous sdivtion (20 ml) wae edded and the aqueous layer wes
exracted with CEL,Cl,. The sxtract was washed whh tuine, dried cver MgSO,, and
concentrated under reduced pressure. The residus was purified by columa chromatpgraphy
on sitica gl (hexana/EIOAC 3:1) wptondnﬂleprodlttlﬁ'l g 16 mmol) in 54% yield:
TLC R, 0.50 (bexane/0A: 3:2); H NMR {270 MHz, CDCY,) 8 7.06 (s, 1H, Ar), 6.80 (s,
2H, Ar), 5.45 (4, I1H, J= 3.3 Hz, H,), 5.21 (&4, 1H, J=9.9Hz and 3,3 Hz, H,). 4.91
(4, 1H, J=9.9Hz, H), 3.96 (3, 1H.J= 6.3 Hz, Hy), 3.79 (5. 3H, OMe), 3.78 (5. 3H,
OMe), 2.23 (3, 34, OAc). 1.99 (3. 3H, 0A), 1.79 (s, 3H, OAc), 1.21(d, 3, /=63
Hz, H); IR (KBr pollet) 2087, 2941, 2910, 2838, 1731, 1505 crot; PABHRMS m/t
410.1574 (410.1577 Caled for CyoH0, M}'): [a)p” +6.1° (c 0.833 CH,C,).

§.4-Dimethoxy-2-(2, 3,4, 6-telra-0-acetyl-f-v-galactvpyrancs yl)-
benzene (3b). 82% yieid; mp 76-78 °C; TLC R, 0.36 (CH,Clfether 5:1); ‘H NMR
(270 MHz, CDCL,) 57.04 (d, 1H. J= 2.4 Hz, Ar), 6.51 (d, 1H, J=2.4Hz, A0), 6.81(s,
1H, Ar), 5.52(d, §H. J=2.5 Iz, H.), 5.46 (t, 1H, 7= 9.9 He, H,), 5.21 (4, 1H, J=
9.9 Hz and 3.5 Hz, H,), 491 {4, IH, J= 5.9 Hz, H)), 4.21-4.04 (m, 3H, H; and Hy).
3.80 (s. 3H, OMe), 3.78 (s, 3H, OMb), 2.21 (5, 3H, OAc), 202 (5, 3H, QAc), 1.99 (5,
3H, QAg), 1.80 (s, 38, QAc); IR (KBr peller) 2940, 2800, 17532, 1505 ex'; ETHRMS
/e 468.1634 (465.1631 Calcd for C,,H,,0,, [MI'): la) -2.2° (¢ 1.04 CH,CL,).

1.4-Dimethoxy-2-(3.3,4,6-tetra-0-acety)-3-D-glucopyranosyl)benzene
(3c). 52% yleld; TLC R, 0.59 (hexanc/BtOAC 3:2); "'H NMR (270 MHz, CDCl,) 8 6.95 (4,
[H, J=1.9 Hz, Ar).-6.82-6.80 (m, 2H. Ar), 5.37 {1, 1H, J=9.0Hz H,), 5.29(1, 1H, J
w9.0Hz, H,), 5.23 (%, 1H, J=9.0 Bz, H,), 4.92(d. IH, J= 9.0 Hz 11}, 4.27 dd, 1H,
J=12.3Hz and 4.7 Bz, H. 4.14 (4, 1H, J =12.3 Hzend 2.2 Hy, H,), 2.89-3.30 (m,
LH, H,), 3.79 (s, 3H, OMe), 3.77 (s, 3H, QvE), 2.08 (s, 3H, OAs), 2.06 (s, IH, OA:).
2.01 (s, 3H, OAS), 1.78 (s, I, OAC): IR (Kbir pellor) 2999, 2949, 2838, 1754 am’;
FABHRMS m/ 468.1638 (468.1631 Caiod for CoH,,0., PMP); [a)p™ -11.4° (¢ 0.355
CHCY).

1, 4- Dimetoxy-2-{3, 4,6-tri-O-aceiyl-2-deoxy-2 -phthalimido-f-b-
glucopyranesybenzee (3d). S8% vield; TLCR,0.34 (texane/EtOAe 3:2); '"H NMR

-y M
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(270 MHz, COC),) §7.83-7.60 (m, 4H, As), 7.06 (d, 1H, J=3.0Hz, Ar), 6.71 (dd, JH.
J=8.9 Bz and 3.0 Hz, Ar), 6.52(d, 1H, J= 8.9 Hz, A0, 6.17 (4 LIL Jw 10.0 Hz, H,),
5.64 (d, 1, J= 10.0 Hz, H,), 3.28 (t, 1H, 7= 10.0 Kz, H), 4.57 (¢ I|H, 7= 10.0 Hg,
H,), 4.35 (dd. 1H, J=12.1 Hz and 4.7 Ha, 1)), 4.20{dd, 1Y, J= 12.1 Hzend 2.3 B,
H,), 4.09-4.00 {m, 1H, Ky, 3.77 (5, 3H, OMe), 3.36 (s, 31, OM), 2.11 (3, 3H, OAc),

2.07 (s, 3H, OAC), 1.8B (s, 3H, OA<): IR (Kbr pellel) 2541, 2912, 2838, 1750, 1720

co'; EABHRMS mek 555. 1752 (555. 1741 Culed for €, H,,0,N (M]*); [l +60.1° (¢
0.22 CHCL).

1,4-Dimethoxy-2-(2,3,4-tel-O-acelyl- f-L-rhamnopyrsuosyl)henzene
(3e), 58% yichd TLC R,0.72 (hexane/EtOAG 3:1); 'H NMR (270 MHz, CDCly) § 7.06 (d,

{H, J=2.8 Hz, An), 6,77, (dd. 1H, J= 8.9 Hz and 2.8 Hz, A), 6.72 (4, 1H, J=$9 Hx, '

An), 5.58 (dd, tH, J=3.4 Hzand 1.2 Hz, H,), 5.27 (¢4, IH, J= 10.1 Hz and 3.4 H2,
H,) 5.34 {1, 1H, J=10.1 Hz, H.), 5.01 (s, 1K, H)), 1.78 (s, 3H, OM), 3.77 {5 3H.
©OMe), 3.68 (dq, LH, J=10.1 Hz ond 6.2 Hz, H,), 2.08 (s, 3H, OAc). 1.98 (s, 3H., OAc),
1.90 (3. 3H, OAs), 1.32 {4, IH, J = 6.2 Hz, H)); IR (XBr pelier) 2984, 294], 2839,
1748 e, FABRRMS m/z 410.1575 (410.1573 Caled For CyeHyly [MP'); )™ 4297
(¢ 1.00 CHCL,).

1,4-Dimethoxy-2-(2,3,4-1r1-0-acetyl-p-D-xylopyranvsyl)benrene (31).
49% yeld; TLC R,0.20 (hexane/F10AC 3:2); 1) NMR (270 MHz, CDC,) 36.92(d, 1H.
J=2.3Hz An). 6.82 (84, 1B, 7= 9.1 Mzend 2.1 Hz, As), 6.79 (4, 1H, J=9.1 Hz, Ad),
536 (t, IH, J=0.2Hs, H,), 5.27 (¢, 1H, Jn9.3 Bz, H,), 5.15 (&, 1H, J= 9.3 Hz and
5.8 Mz H,), 4.81(d, 1H, J=9.3 Hz, H,), 4.22(4, 1Y, J » 11.2 Hzmd 5.5 Hz, Hy),
3.80-3.71 (m, 1H, H, 3.79 (s, 38, OMe). 3.76 (s, 3H, OMe), 2.06 (s, 3H, OAc), 2.03
(s, 3H. OAc), 1.78 (s, 3H. OAc) IR (thin flim) 2999, 2049, 2915, 2838, 1752 cm’;
PABHRMS m/i 396.1415 (3961421 Caled for Cpo11,,0, M o) -29.6° (¢ 0.395
CHCL,).

Procedure for bromiuation of aryt C-glycosides (3).

1-Bromo-2,9-dimethoxy-4-(2,3, 4-txi-0-acety - j-L-fucopyronos ¥I)-
benzeme (2a). Br, .62 nil., 12 moal) was added dropwine ©o 8 sobution of 1.4+
dimethoxy-2-(1,3,4-ti-0-aceryl-f-L-fucopyranosyDbenzene (3a) (4.1 g 10 mmwl) In
£C3, (100 mL) a1 0 “C. Afver the reaction mixwre was stirred for2 hat0°C, H,0(30 mL)
vwns added and then extracted with CH,Cl, (100 mL). The CH,C), solution wis washed by
agqoeous I\iaHCO, sojution, squecus Na,§,0, rolution, and hrins, dyled aver Mg30,, and
concentrated in vaze The remsuinder was purified by colum chromstograghy on silica gel
(hexane/EXOA 4:1) to provide th product (3.32 g, 6.78 ool In 685 yield: sy 172-173
'C; TLC R, 0.36 (hexsue/E0A= 32); 'H NMR (270 MHz: cpCy,) 8 7.07 (6, LH, A,
7.03 is. \H. Ar), 5.48 (L 1H, /i 10.1 Hz, 1), 5.57 (4, 1H, J=2.9 Hz, B, 5.21 (84,
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{4, J='10.1 Hz and 2.9 Hz, H,), 4.8 (d. 1H. J=10.1 Hz, H,}, 3.97 (3, 1H, J= 6.6
Hz, H,), 3.89 (s, 3H, OMe), 3.80 (5, 3H, OMe), 2.24 {5, 3H, 0AC), 1.99 (5, 31, QAs),
L.81 (s, 3H, OAQ), 1.22 (d, 7R, J = 6.6 Hz, H,); IR (KBr peller) 2983, 2966, 2043,
2851, 1752 cn’; FABHRMS i/ 4880884 (488.0682 Caled for C,,H,,BrQ,. {MI):
[ul® +16.3° (c 1.00 CIL,CH,).

1-Bromos2,5-dimethoxy-4.(2,3,4,6-tetra-O-acetyl-f-D-galactupyrano-
syl)benzene (2b). 70% viokk TLC R, 0.33 (bexens/EsDAc 3:2); 'H NMR (270 MH2.
CDCL) 8 7.08 (s, 'H. OAc), 7.01 (s, 1H, QAC), 5.52(d, 1H, = 3.4 Hz H)), 5.48 (¢,
IH, J=9.9 Hz, H,), 5.21 (4d, LH, J=9.9 Hzaad 3.4 Hx, H,), 4.89 (4, 11, J=9.9Hz
H,), 4.19-4.05 (m, 3H, H, and H,), 3.88 (s, 5H, Ovk), 3.80 (s, 3H, Qivk), 2.21 (s, 3H,
0Ac), 2.G4 (s, 3H, OAc), 1.99 (5, 3H, OAc). 1.81 (s, 3H, OAc); IR (KBr pelict) 3479,
2064, 2943, 1751, 1405, 1370, 1219 cm’*; FABHRMS n1/4 347.0810 (347.0815 Caled
for C,,H,, 0, ""Br [M+H]"); {a),"? +22* (c 0.80 CH,CL,).

1-Bronw-2, 3-dimethoxy-4-(2,3,4, 6- tetre-O-at etyl- B-D-glucopy tano-
syl)benxens (2¢). 74% yicid; TLC R, 0.46 (hexane/BtOAc 3:2); 'H NMR (270 MHz,
CDCl,) 57.07 (s, TH, Ac). 6.95 (s, 1H, Ar), 5.36 (¢ 1H, J =9.2Hz ), 5.30(t 1H. J
= 9.2 Hz, H,), 5.23 (¢, 1H, J= 9.2 Mz, H,), 4.92(d. 1H, J= 9.2 Hz, H,), 4.27 (dd, IH,
J=124Hz md 4.9 Hz, H,), 4.14 (dd, iH, 7= 12.4 Hz sod 2.1 Hz, H), 2.87 (s, 3H,

Oivic), 3.87-3.77 (m. 1R, H,). .80 (s, 3H, Odde), 2.07 (s, 3H, OAc), 2.06 (5, 3H, OAc).

2.0 (s, 3R, OAc), 1.80 (s, 3H, OAc); IR (EBr pellet) 2047, 1754 cm’; FABERMS m/g
546.0739 (546.0737 Calcd for C;,H,, 0, *Br IMI™); fa),?? -18.7% (c 1.00 CH,CL,).
1-Bromo-2,3-dlmethoxy-4-(3.4,6-trl-0-ncety]-2-deoxy-3-pbthalimido-
B-p-glucopyranosyl)benzene (2d). 96% ylekt; TLC X, 0.37 (haxane/EtOAc 3:2); 'H
NMR (270 MHz, CDCl1,) § 7.88-7.65 (m. 4H. Asj, 7.04 (s, JH, Ar), 6.82 (s, 1H, Ar),
6.13 (1, I1H, J= 10.0 Hz, H,), 5.64 (d, 1H, J= 10.0 Hz, H)), 5.2 (¢, 1H, J= I1D.0 Hz,
H,), 4.59 (t 1H, J= 10.0 Hz, H,), 4.35 (d0, 1H, J= 12.3 Hz and 4.9 Hz, H,), 4.20 (dd,
LH, J = 12.3 Hz and 2.2 Hz, H), 4.104.00 (m. 1HL H,), 3.88 (s, 3H, Qie), 3.41 (.
3H, OMR), 2.10 (5, 3H, OAc), 2.08 (s, 3H, OAZ), 1.87 (s, 3H, OAc); IR (KBr pelist)
2036, 1751, 1721 cm*; FABHRMS m/; 633.0845 (633.0846 Caled for C,,H,,O,,N"Br
DY), fal? -75.1° (0.23 CH,QL).
1-Bromio-2,5-dimethoxy-4-(2,3,4-tri-0-acetyl-B-L-rhamnopyranosyl)-
benzeue (2e). 96% yhld; TLC R, 0.46 (hexane/R20Ac 1:1); 'H NMR (270 MHz,
€DCL) §7.07 (5, 1K, As). 7.00(s, LH, Ar), 5.57 (dd, 1H, Jo 3.3Hyad 1.1 Hz Hy),

525 {(d, 1H, J=9.9 Hz ead 3.3 Hz, H)), 5.14 (8, 'H, J=9.9 Hz, H,), 4.97 (s, 1H, H)).

5.67 (. 3H, OMe), 3.79 (3, 3H, OMe), 3.75-3.62 (m, 1H, H,). 2.08 (5, 3H, OAd), 1.99
(s, 3H, OAQ), 1.91 (5, 3H, OAc), 1.34 (4, 3H, 7 = 6.1 Hz, Hy); IR (KBr pedier) 2983,
7940, 2851, 1750 cr'; FABHRMS m/z 456.0680 (488.0682 Celed for CyHlyQ,"Br
B ()™ +33.9° (¢ .00 CHGR)).
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1-Broma-1,5-dimethoxy-4-(2,3,4-tri-O-acetyl-f-D-xylopyranosyl)ben-
zene (2f). 72% yield; TLC R, 0.40 (bexano/BOAc 3:1); 'H NMR (270 MHz, CDCY,) &
1.27 (s, IH, Ar), 7.06 (s, [H, A, 5.35 (1. 1H, J=9.4Hz, H,), 5.27(, /1R, J= 9.4 Hz,
H,) 5.224.97 (m, H, B, 4.81 (d, 14, J=94 Hz, H), 421 (84, JH, /=11.0 Hz
and 3.5 Hz, H,), 3.86'(s, 3H, OMe), 3.79 (s, 3H, OMs), 3.46(¢, 1H, /= 11.0Hz, H,),
2.05 (¢, IH, OAc), 2.03 (s, 3H, OAc), 1.80 (5, 3H, QAc): IR (thin flm) 3014, 2947,
2852, 1755 em'; FABHRMS m/ 474.0523 (474.0326 Calcd for C,H,,0,"Br M)
[}, -28.67 (¢ 0.860 CH,C..).

Procadure for aryl C-glycusidation of sngar scetates and 1-bromo-2,4-
dimethoxybenxene. :

1-Broma-2,4-dimetho xy- 5-(2, 3, 4-tsi-0-acety1-B-L-fucopyranos yl)-
beazene (2g). A IM SoCl, CH,CI, solution (75 mL, 75 mmol) was added 1o 3 mixnre
of L-fucosc traacesle (16.6 g, 30 nunol), 1-bromo-2,4-dimethnxybenzene (15.2 g, 70
mmmol) and AgOTa (16.6 g, 75 mmal) in CH,CL (75 mil) at 0 °C under N, atmosphere.
After the reaction mixture was stitred for 4 b at 0 °C, aquects NaHCO, salution was added
ead stired for 20 oin. Thoe organic materisl was Sliered off over & Colite® pad and the
fluats was extracted several timet with CH,CL,. The combined CH,Cl, solution was
washed with brion, mxd dried over anhydrous MgSO,, and (oo concentrated under
redoced pressore. Tho residuc was purified by cowmn chromatography oo siica gel
(hexme/BXOAC 2:1) to provide the product (8.2 g, 17 muwd) in 34% yield: mp 172-173 °C;
TLCR,0.23 (lexane/EDAC 2:1); '"H NMR (270 MHz, CDCY,) §7.59 (s, 1H, Ar), 641 (s,
1H, Ar), 5.41 (¢t LH,J=10.0 HZ K,), 5.33 (4, IH, J= 43 Hz. H,), 5.12 (4. IH, J =
10.0 Hiz aud 4.3 Hz, H,), 4.77 (4, 1H, J= 10.0Hz, H,), 3.92 (g, 1K, J= 6.6 Hz, H,),
3.59 (5, 3H. OM=), 3.85 (s, 3H, OMe), 2.25 (s, 3H, OAS), 1.99 (v, 3H, OAz), 1.80 (s
3H, OAc), 1.21 (d; 3H, J= 6.6 Hz, H); IR (KBr pellst) 3468, 2983, 2943, 2851, 1749,
1605, 1505 en*; FABHRMS muk 489.0755 (489.0760 caled for CF,,0,"Br IM+HT;
fu)p® +23.3° (¢ 0.56 CH,CL,). :

1-Bromo-2, S«dimethoxy«d.(methyl 5.acetamido-4,7,8,9-tetra-0-
acetyl.3, 5-21deoxy-x-D-glycero- D-galar to- 2-neuro pyrano slnate) benzene

(21). 70% yid; TLC R,0.53 (HOAS); 'H NMR (270°MHz, CDCL) 3 .73 (6, 1H, A9,
6.42 (., 1H, A?), 5.52 (dd, 18, J= 10.9 He and 5,2 Hz H)), 5.47-5.41 (o 1H, mvide
NH), 5.95 (&, 1H, J= 5.8 Hz snd 2.0 iz, ), 5.28 a, JH, J» 5.6 Bz wd 3.0z, :.

H,), 4.41 (¢4, LK, J= 12.4 Hz and 3.0Hz, H), 423-4.10 (m, TH, R, axd Hy), 3.53-

3.80 (m, 1H, E,), 3.90 (s, 3H, GME), 3.77 (. 5H, Obte). 3.71 (5, 3H, OMe), 2.94 (&4,

1H, J = 13.3 Hz and 5.2 Hz, Hy), 218 (s, 3H, NA), 2.10 (s, 3H. 0A¢), 2.03 (s, 3L,

0Ac), 2.01 (s, 3H, QAc). 1.90 (s, 3H, QAc),-1.83t 1H, J= 13.3 Hz, H); IR (KBr
pelles) 3377, 2956, 1746 cm'; FABHRMS miz 690.1382 (650.1398 Caled for

CyHy0, N""Br [M+HJ'); [o] Y -4.6° (c0. 72 CH,QY,).
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_ ¥rocedure for, stunaylsfion Gogattion. A ana 83} %4 '«‘9\ o "1
~*  Tri-a-haty|{3,5-dhnethoxy -'(2,3,4’-&1-@- w!;ﬁ-Llﬁc'épy w1 f oy .
phonyl]stankume (La). A us qp}nh:}lc:fl-bm‘ 2,5-dnbdhoxy-4@3dnt, |y

Q-aretyl-f-L-fucopjnmosylbentene {18y (69§, 14;;‘-.m1;{.,\{¢ﬁ1(ii¥pl;uyl- gy

chosphine)pelladinm (810 g, 0.7 pipD. porissium xbonste (1.98 g, 15 ) sad - ;.}'-g

,..bh(uibglylrin) (923 g, 15.:,,%:? i b
: * nitrogenbiomosgihee.  Afeg _L-. res " e
,r *’Eﬂ‘nﬂl’;’%’hﬁun?;ﬁw "‘-'hy aq " “F:g . .

* beine, daed over MgSO,, and © i vatno, The Temaihilef was sified B * Y
column chromamgraphy on silica gl (hesiane/B10AC 5:1) 1o grovids the product (7.60 P
10.9 mmol) in 77% yiekd: TLC R,0163 (henane/E10A 2:1); "H NMR (270 MBz, €DCY) -
B6.88 (s, LH, AQ, 6.87 (s, LH, A8.56 (1, 1H, J =9.9 Hz, Hy), .37 (4,18, J= 32
Hz, 1), 5,21 (&, 1H, Jw 9.9 Hz wid 3.2 Hz, Hy), 4.90(4, 1)1 = 9.9 He, B3, 3.8 -
@ \H, J = 6.6 Ha, Hy), 381 (5, '3, QM) 375 (o 3H, OMe), 2.24 (5, 3E, QAz),
1.99 (s, 3H, OAZ), 1.78 (s, 3H. OAc), 1.6-0.8 {m, 27H, Bu). L2 (4, Q. Ja 6.6 H, |
H,; IR (KBr pellet) 2956, 2928, 3&72, 2852, 1752-c'; FABHRMS mk 719.2527.
(719.2526 Calod for C;,,,0,Na’ °Sn [M+Nal': [t +15.5° (£0.91 CH,Q,)- '

U

(1 "!i-l..-). ﬂ#;-‘:i f"::'

Trl-n-buyl[2. S-dlmnl.hn:_';y-dl-(z_,s,ll,i-gm-oon:c_nyl.p-?.'.luié. . l .,

pynnurl)nheﬂlllh'nlmc (lh_)'..’m yield; 'I'I..c_:R,_U.GT (hertanc/EfOAS 32y Y
NMR (270 MHz, CDCL,) § 6.88 (8, 1, Ar); 6.84 (s, H, Ax), 5iss - 1H; J5= 10.0 Hz,
H,), 5.51(d, 1. J= 3.4 Hz, H,), 5.20(d, 1H, J= 10.0Hz acd 34 Kzl B, 49114,
1H, J = 10.0 Hz, H,), 4.22-4.10 tm, 3H, H, snd K 3.80 (s, SH.'QMs), 373 (0 38, :
QMe), 2 20 (s, 3H, OAc), 2.02 {5, 31, OAc). 1.98 {5, 34, OAc), 17645, 35, QAc), -
L99-1.46 (m, 6, CH,), 1.38-1.22 (b, 6B, CH;), 1.04-0.98 (m, 6H, CIL), Q86 (59H, . {
J=7.2 Hz. CH,); IR (iquid film) 2986, 2978 28722851, 1784 cm'; PABERMYmte  {
7712563 (7772581 Caled for CogH, 0, Nhisn (M) (6l -6.1° (.15 CHGYy ! .
'rrl.u-bn:yl[z,s.dlmthfoxy-d-(z_,a,a,G-tun-a.uhyl.p-n-glncopyr'mo- iR
syl)phenyljstannene (1c). 61% yick;4TLC R, 0.71 (exant/EOAC 32 'HNMR  »
{270 M, CDCL) 8 6.88 (s, JH, A1), 6.79 (s, LK, A1), 5.44-5.19 (m, 3H, H;, B, and
H), 4.95 (4, IF, J=9.7He H,), 4.27 {44, 1, J= 12.3 Hzand 4.7 Hz, H,), 4.14 (W,
1H, J = 12.3 Hz avd 2.2 Hz, Ho. 3.90-3.50 (m. 1H, H,), 3.81 (s, 3H, OME), 3.73 (s,
3H, OMc), 2.07 (s, 3H. OAc), 2.06 (5. 3H, QAc), 2.01 (s, 3H, QAc), 1.78 (3, 3H, OA¢),
1.59-1.47 (m, 6H, CH,), 1.31(m, 6H, CHL;), 1021, 6H, J= 7.4 8z, CH,), 0.87 (% 9H,
J= 7.4 Hz. CH,); IR (KBr pellet) 2936, 2027, 2872, 2831, 1755 e’ ; FABHRMS m/z
71,2585 (7771.2581 Caicd for CpHyO,Ne"*Sn [MeN&}): [ #5310 (c 0.85
CHCL). _
Trl-u-bul}'l[z,S-dlmlthoxy—d-(3.4,6-tri-o-ncutgl-i-daoxy-z-
phthalimidn-ﬂ-b-glucvpyrmeyl)phen:l]s tannene (1d). 58% yleld; TLC R,0.35
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(bexme/EtQAC 2:1); 'R NMR (270 MHz, CDCI,) § 7.87-1.56 (m. 48, Ar), 6.89 (s, 1H,
Ar), 6.62 (&, JH, Ar), 6.13 (t, 1H, 7w 10.0 Hz, H,), 5.68 (d. IH, J= 10.0 Kz, H,),
3.304, iH, 7=10.0Hz, H,), 4.65(r, JH, J= 10.0 Hz, H,), 4.34 (dd, 1H, J=12.2 Hz
and 4.7 He, Hy), 4.21 (dd, {H, J= 12.2 Hrund 2.1 He, 1), 4.10-3.98 (m, IH, H,),

3.74 (s, 3H, OMe), 3.45 (3, 3H, OMle), 2.10 (5, 3H. OAc), 1.07 (s, 3H, OAc), 187 (s,

3H, OAc), 1.50-1.35 (on, 6H. CH,), L.35-1.18 (m, 6H, CH,), 0.95 (1, 6H, /= 7.1 Hz,
CH,), 0.83 (\ 9H, J= 7.2 Hz, CH,). IR (liquid film) 2056, 2928, 2871, 2852, 1752,
1722 em’; FABHRMS m/z £80.2441 (880.2453 Culed “or €, H,0,,K'"Sn [M+ET):
{o),? -58.4° (0 0.55 CH,CY).

Tri-n-butyl[3,5-dimethoxy-d- {2, 3, §-trl-Q-acetyl-f-L-rhamnopyrano-
syl)phieayl]stannane {1e). 56% yield; TLC R, 0.76 (hucmeROAC 2:1); 'H NMR
(270 MH2, CDCL,) §6.94 (s, 1M, Ar), 6.79 {3, IH, A, 5.56 (d. IH. J=3.3 Hz, H,),
527 (&, 18, J=9.9 Hz and 3.3 Hz, B}, 5.15(, 1K, J= Q9 He, 1), 5.03 {s, 1H, H,),
3.79 (s. 3H. OMe), 3.74 (5. 3H, OMe). 3.75-3.62 (m, 1H, H,). 2.08 (g, 3H, QAc), 1.98
(s, 3H, OAc), 1.%9 (5, 3R, OAg). 1,581.40 [m, 6H, CH.), 1.40-1.20 (m, CH, CH,),
1.00 1, H. J = 8.1 Hz, CH,), 0.87 (1, OH, J= 7.2 Hz, CH,); IR (KBr pelke) 2053, 2975,
2869, 2834. 1750 an™; FABHRMS av; 735.2246 (735.2266 Caled for C,,H,,0,K'"*5e
MK [l +32.6° (¢ 0.99 CH,CL,).

Yri-n-butyi|2,5-d!'methoxy-4-(2, 3, 4trl-O-acety i-f-D-xylopyranos y1})-
phenyljstannane (10). % yield; TLC R, 0.76 (hexune/EtOA0 3:1); 'H NMR 70
MHz, CDCL) & 6,87 (s, 1H, An), 6.78 (s, 1H. A, 5.36 (¢, IH, J=2.3 Hz, H,), 5,31 {1,
14, /=93 He H,), 3.23-5.09 (m, 1H. H,), 4.84 (d. 1H, J=9.3 Hz, H,}, 4.?.1 (dd, 1H,
J= 11.0 Hz and 5.8 Hz, 4,3, 3.81 (s, 3H, OMe), 3.72 (s, 3H, OMe), 348 (1, 1H, J =
11.0 Bz, H,), 2.06 (s, 3H, OAc), 2.03 (5. JH, OAc), 1.78 (s, 3H, QAc), 1.57-1.42 (qa.
6H, CH)), 1.42-1.23 (m. 6H., CH,), 1.02 {1, 6H, J = 8.0 Hz, CH,), 0.87 (¢, 95, /= 7.3
Hz, CH,): IR {liquid filmy) 2956, 2927, 2871, 2853, 1758 am’; FABHRMS m/ 721.2078
(721.2109 Caled for C,, 1,,0,K'*Sn [M+E]"): [a]p" -30.3° (¢ 0. 73 CE,CL).

Tri-n-botyl|2,4-dimethoxy-5-(2, 3,4-tri-0-acetyl-BeL-fucop y runoayl)-
phenyl)stanname {1g). 57¢% yield; TLC R, 0.77 (hexanoBiCc 2:1): 'H NMR (270
MHz, COC3)) §7.20 (s, LH, Af); 6.35 (s, 1H, A1), 5.60 (¢, 1K, 7= 10.0Hz H,), 5.34
(d 1B, 7=23H2, H,), 5§18 (dd, 1H, J=10.0 Hzand 23z H,), 474 (4, 1H, J =
10.0 Hz, H.), 3.93 (q, 1H, J = 6.3 Hz, H,), 3.86 (s, 3H, Gde), 3.75 (5. 3H. OMe),
2.22 (s, 31, OAc}, 1.99 (s, JH, OA), 1.75 (5. 3H. QAg), 1.70-0.80 (m, 27H, Bu), 1.20
(d, 3H, J=6.3 Hz, H,); IR (Tiquid filmy) 2956, 2930, 2372, 2532, 1753, 1593, 1579 em*;
FABHRMS m/ 723.2527 (123.2531] Cald for C,,H.,,O,Na‘“Sn NsD); o) <222
(c0.:0CH,QL,}. K

KURIBAYASHILET AL.
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Procedure for stannylation (Comilitlon C).

Tri-n-butyl[2, 5-dimothoxy-4-(mnethyl 3-acetomide-4,7,8,9-tetra-0-
acetyi-3,5-dideoxy-a-D-glrcero -b-galactn -2-neuropy ranos inats)phenyl)-
stannune (1h). A scspended soludon of 1-hrome-2,5-dimethoxy-4(methyl 5-
acetamido-4,7, 8, 9-teire-O-acelyl-3, 5 -dideoxy-a-D-glrcero-n-galacto-2-nenro-
pyranosinai)benzene (Qh) (172.7 mg, 0.25! mmol), palladhm (1) acowmte (6.2 mg,
0.0276 mmol), wibutylphosphine (20 pL, 0.080 mol), pomssium: carbonass (71.6 mg,
0.518 mnol) wnd bis(tributyhin) (170 pl, 0.336 mmol) in 1.4-dioxeme (3 mL) was
refluxcd for 8 h umsder a nittlogen stmosphese. After diluting the resuling mixmre with
EtQAc {10 ml), the organic sohtion was weshed by aquecus KF solution, ngueous
NaHCOQ, soluticn, apd brine, dricd over MgSO, ind, conceatrated in vamuo. The
remainder was perified by column chrosmography ou silica gal (hexene/EtOAC 1:1) 10

“provide the product (86,2 mg, 0.0967 mmo?) in 38% yield: TLC R, 0.59 (hexaneEIDAS

1:2): 'H NMR (270 MHz, CDCL) 8§ 7.73 (5. 1H, A1), 6.33 (3, 1H, Ar), 5.52 (dd. 1H, J=
1.6z and 5.1 He, H,), 5.42:5.37 (m, 2H, H, and amide NH), 5.21 (dd, 1, J = 6.4
Hzend 2.8 Bz, H,), 4.45 (dd, 1H, J=.12.4 Hz and 2.0 He, M), 4.24-4.10 (, 2H, H,
and H,), 3.91-3.72 (m, 1H, H,), 3.77 (s, 3H, OMe). 3.75 (s, 3H, OM=), 3.7] (s, 3H,
OMe), 2.89' (dd, 1H, J= 13.3 Hz and 5.1 Hz, H,\ 2.17 &3, 3H, NAc), 2.05 (s, 3K,
OAc), 1.99 (s, 3H, OAc), L5 (3, 3H, OAc). 1.90s. 3H. OAc), 1.73 (44, IH. J= 133
Hzaod §1.3 Hz, H,), 1.60-1.48 (m, 64, CH,). 1.40-1.23 (m, 6H, CH,), 1.07-1.01 (m,
6H, CH,), 0.90 (. 9H. J= 7.2 Hy, CH,); IR {liguld film) 3263, 3215, 3075, 5057, 3022,
3012, 2992, 2956, 2927, 1747 cm®; FABHRMS m/ 920.316D (920.3164 Cakd for
CocHpy0 Na' 'S0 [MNaY); Lol,™ -0.5° (¢ 0.82 CH,CL).

Tri-n-butyl[2, S.dlinethox y-4-(2,3,4,6-tetra-O-benzyl-f-D-gal nclo-
pyranos yljphenyl]stmnane (4}, NaOMe (28% MeOH solution: 0.5 mL) ot it was
edded to a Solotion of ti-n-buny}f2,5-dimethoxy-4-{1,3,4 6~ztre-0-scetyl-f-D-galactopy-
1aaosyphenyljstannane (1b) {1.03 £, 1.36 nmalj in MeOH (30 mL). Afier § h, the
ciixwre was nevtalized by Amberlis® CG-50. The insoluble mederinls were flered, and
solvont of the filtorats wes removed in vacws, NaH (53% ofl; 0.36 g, 8.25 mmof) was
added o the residpe jn DMF (10 mL) & G °C, the rpixtare wasg stlered for 15 wmin at . and

then benzyl chioride (1 ml. 7.2 oxmol) was added. After 4 b, she mixmee was diluted with .

EAz (10 mL), washed with agneons HCY solution (IN; 5 mL) snd brine (5 mL), dried
over MgSO,, and concentrated under reduced pressure. A pusification of the resuling
residee by colunn chromatography with ethy! acztatc/haxane (1:5) provided the compound
(0.88 g, 0.93 mumod) in 68% yield: TLC &,0.61 (bexme/EXOAC 5:1). 'H NMR (270 MHz,
CCly) § 7.46-7.25 (n, 15H, Ar), 7.15-7.12 (m, 3H, Ar), 6.90-6.85 (ru, 4H, Ar), 5.06

A0
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(d, -, J=11.5 Hz, Bu), 4.78 (s, 3H, I, and Bn), 4.65 {d, 1H, J= 11.5 Hz, Bao), 4.50
{3, 1H, J= 10.5 Hz. Bn), 4.45 (4, 1H, J = 12.5 Hy, Ba), 4.43 (d, 1H, /= 12.5 Hz, Bn),
4.10(d, ZH, J =2.5 Hz, H, and H,}, 4.00 (d, 1H, J w 10.5 Hz, Ba), 3.76-3.74 (m, 2H..
H, end I,). 2.72 (s, 3H, OMe), 3,69-3.65 {m, IH, H)), 3.67 (s, SH, OM»), 3.5¢ (dd,
1H, J=9.0 Hz and 5.5 Hz, H,), 1.55-1.49 (m, 6H, Bu), 1.35-1.27 (m, 6H, Bu), 1.05-
1.02 (m, GH, B, 0.36 (¢, 98, J=7.0 Hz, Bu); IR (liquid film) 2925 cm~; FABHRMS
m% 969,4008 (969.4037 Crled for C, H,,0,Na''Sn [M#Na]"; [a),® -14° (c 0.51
CHQ,).
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