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Abstract 
The ehylthio-Mbioside 29, prepaml by regicqecific glycc6ylation of ethyl 4,6-O-butzyli&~el-thio-hio_BP 

glucopymoside (9) with 23,4.6-teIra~aenzoyl-D-gl~ yl imidatc 17 8Jld subsequent bc~latioll, anlki be thgatcd in . 
a step-wise fashii by consecutive iotbnim ion pmmoted m&amhom with methyl 2.3.4~tria-bauoyl-a-D-g-de (g), 
ethyl 23,~~o~l~-rl-~~~ (7). the lmiibiohk 29 anti ethyl 23.4~ma-O- 
bemzoyl-l-thio-&D@mpymm ide(S)*andincamittGntpmtectivegrolp~toyieMme~yacylstad 
hepasaccluuide 36. Finally, onestep descytation of bnmckd hq%amer 36 afforded the m compound a-methyl 3z,3’di_B-rs 
gl~leentiopentaoeide (2). 

Introduction 
In 1984, Albersheim et al.’ qmtcd that the branched B-D-glucohexaosyl glucitol la, isolated fmm the 

mycelial walls of Phytqhtora Megasperma f.sp. g~cinea, showed phytoalexin elicitor activi$ in soybean. 

The proposed structure was firmly established through an unambiguous synthesis’ of the umeduced 32,34-di-b 

D-glucopyranosylgentiopentaose lb, having the same biopotency as its isolated congener la. It was also 

established’ that lb recognizes high-afftnity binding sites of a mceptor tethered in soybean membranes. In 

addition, earlier structure-activity studies indicated’ that the glucosyl units C, F and G (see Figure 1) are 

essential for maximal elicitor activity. However, elicitor activity was reduced considerably if two side-chain 

glucosyl residues were attached to adjacent backbone glucosyl residues (e.g. isomeric 33,34-di-~ 

glucopyranosylgentiopentaose). On the other hand, modification of the reducing terminal glucosyl unit A in 

lb by conjugation with tyramine or replacement by an ally1 group (i.e. a-allyl-hexa-&glucoside I@) did not 

alter its biological activity. 
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Figure 1 

la.R’=(1+6)-D41cOH.R2=H 

b. R’ = (l-+DUicp. R’ = H 

c.R’=H,R2=OAll 

X. Y = temporary protective gmup 
Z = activatable group. 

gentiobiosyl unit laminaribiosyl unit 

With the objective to gain a more detailed insight into the structural requirements for optimal interaction 

of the phytoalexin elicitor with the plant receptor, we here report a versatile and convergent route of synthesis 

to u-methyl 32,34-di-~-D-glucopyranosylgentiopentaoside (i.e. compound 2 in Figure 1). 

Results and d&a&in 
Retrosynthetic analysis reveals (see Figure 1) that the assembly of the target molecule 2 can be realized 

following a gentiobiosyl or laminaribiosyl approach. In addition, our heuristic knowledge’ of sugar chemistry 

indicated that the use of alkyl 1-thioglycosides building units would be desirable. Consequently. we prepared 

(see Scheme 1) the two non-terminal ethyl 1-thioglucosides 7 and 11, and the terminal ethylthio and methyl 

glucosides 8 and 5, respectively. Thus, the methyl 2,3.4-tri-O-benzoyl-u-D-glucopyranoside (5) is easily 

accessible by regiosekctive silylation of the methyl a-D-glucopyranoside (3) with terf-butyldimethylsilyl 

Scheme 1 

Reagents and conditions: i. TBDMSCl(l.1 eq.), pyridhe then BzC1; ii.pTsOH, CH&N/H20 (2 steps: 85%); 
iii. TBDMSCI (1.1 eq.), pyridine then B.&l (89%); iv. BzCl. pyridine (92%); 
v. PhCH(OMe)2, pTsOH, CH&!N (81%); vi. Bu$hO, MeOH, A then pMeOBnC1, 
BqNEZr. toluene, A; vii. BzCl. pyridine (2 steps: 72%). 
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chloride ~DMS-Cl) followed by benzoylation of 4 and subsequent acidolysis of the silyl group. Similarly, 

silylation of ethyl l-thio-B-D-glucopyfanoside* (6) with TBDMS-Cl gave, after benzoylation, the ethyl 2,3&i- 

O-benzoyl-~O-te~t-butyldimethylsilyl-1-thio-~~glucopyranoside (7). On the other hand, exhaustive 

benzoylation of 6 yielded the ethyl 2,3,4,6-tetra-O-~~yl-l--thio-~D-g~uoop~ (8). The key non- 

terminal ethyl 2-O-benzoyl-4,~O-benzyli&ne-3-O-~u-~~oxy~~l-1-thio-~-~~ucopyranoside (11) was 

obtained by regioselcctive benzylation’ of the in size prepared stannylidene” derivative of ethyl 4.6-0- 

benzylidene-l-thio+D-glucopyranoside” (9) with pcua-methoxybenzyl chloride and subsequent benzoylation 

of 10. 

At this stage, we first explored whether the construction of heptamer 2 could be accomplished via the 

gentiobiosyl route which entails a sequential build up of the linear gentiopentaosyl backbone (ABDEG) 

followed by a one-step introduction of the side-chain units C and F. The sequence of reactions of this linear 

approach is delineated in Scheme 2 and commences with the synthesis of the gentiobioside 12. Thus. 

glycosylation of acceptor 5 with donor 11 in the presence of the pmnoter N-iodosuccinimide and catalytic 

triflic acid” (NIS/rfOH) resulted in dimer 12. Transacetalation of the benzylidene group in 12 gave the 

corresponding diol 13 in 72% overall yield. 

Prior to the scheduled step-wise elongation of dimer 13 with the non-terminal donor 7, we examined first 

whether trimer 16. obtained by regioselective iodonium promoted condensation of dimer 13 with the terminal 

thioglucosyl donor 8, followed by benzoylation of the resulting trimer 14 and oxidative removal” of the paru- 

-3 

Figure 2. ‘%WT spectrum (D,O) of tetramer 19 
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Scheme! 2 
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20. R’ = TBDMS. R2 = H. R’ = MsOBn 
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Runts and condlths: i. MS/cat.TfOH. ClCH#2H2Cl&0. MS(0.4 am). 0°C; ii. HCI, MeOH/CH2C12; iii. BzCl. pyidii; 

ix DDQ. CH$JI&Q v.TMsoTf(O.1 eq.).CH~12. MS(0.4nm).00C;vi.NaOMe.MoOWCH~12; 

vii. BzCLpyidiie Ihem pTsOH.CH,CN&O. 
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methoxybenxyl (MeOBn) group from 15 with 2.3dichlom-5&dicyano-l,4-benz.oquinone (DDQ). could be 

extended at the C-O-3’ branch-postion with the terminal ethylthioglucosyl donor 8. Unfarmnately, NISRfOH 

mediated condensation of the secondary hydmxyl in 16 with doaor 8 was abortive. However, an acceptable 

yield of the expected tetramer 18 was obtained by condensing 16 with the known” trichloroacefimidate 

derivative 17 using uimetbylsilyl triflate” (TMSOTf) as the catalyst. The pmence in 18 of the expected three 

8-linkages [i.e. two (14) and one (1+3)] was unambiguously ascerkned by NM8 spectroscopy (see Figure 

2) of the corresponding debenzoylated temamer 19. The latter result stimulated us to prepare the 

gentiopentaoside 26 which will serve as acceptor in the final L&glycosylation with donor 17. Thus, 

condensation of dimer 13 with the non-tenrtinal syntbon 7 gave, after benxoylation and desilylation of the 

iuitially fotmed product 20, the partially protected trimer 21 which in turn was elongated with the non-terminal 

unit 11. Transacetalation of the resulting tetramer 22, followed by condensation of 23 with the amninal unit 

8, led, after benxoylation of 24 and subsequent removal of the MeOBn group from fully protected 25, to the 

isolation of partially benxoylated pentamer 26. Surprisingly, Es-glycosylation of 26 with excess 17 under the 

conditions mentioned earlier for the synthesis of the branched tctran~~ 18 did not pmceed as expected: no 

trace of the fully benxoylated precursor of 2 could he detected. 

Figure 3. ‘H-COSY spectnun (CDQ) of dimer 29 
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The latter disappointing result urged us to pursue the 1 aminaribiosyl approach followed earli&‘41’ by 

other groups in the synthesis of the phytoalexin elicitors lb,c. For example. Ffigedi et uZ.16 prepared the key 

laminatibioslde 28 (see Scheme 3) in 55% yield by condensing the tetra-o-~nzoyl-u-~-~~~~osyl 

bromide (27) with the partlally protected ethyl I-thi*&D-glucopyranoside 9 using silver t&late as the 

pmmoter. However, the latter glycosylation protocol proved to be not fitlly satisfactory in our hands. Despite 

many efforts the requisite dimer 28 could only be isolated in 38% yield On the other hand, coupling of 9 with 

the imidate 17 in the ptesence of TMSOTf gave 28 in a nearly quantitative yield. The presence of the newly 

introduced p (143) union in 28 was unambiguously ascertained by NMR specmwcopy (see Figure 3) of its 

crystalline benzoylated derivative 29. 

Icdonium ion (NIWTfOH) mediated extension of the terminal unit 5 with dimer 29 provided after 

removal of the benzylidene group from the condensation product 38 with ethyleneglycol and catalytic para- 
toluenesulfonic acid, the crystalline diol 31. Similarly, regioselective elongation of trimer 31 with the non- 

terminal synthon 7 led to the isolation of tetramer 32. Acetylation and subsequent desllylation at&tied the 

partially protected tetramer 33. Furthermore, deacylation of 33 gave’ the fully deptotected tetramer 19, which 

was in every aspect identical with the same branched-tetramer prepared earlier in Scheme 2. Glycosylation 

of 33 with the laminaribioside 29 proceeded smoothly to give the expected hexamer 34 in a good yield. 

Finally, regioselective coupling of diol 35. obtained after transacetalation of 34, with the terminal building 

block 8, led to the isolation of the branched and partially protected heptamer 36. which in turn was deacylated 

in one step with sodium methoxide in methanol, to give after purification (Sephadex LH-20) the target 

molecule 2. Interestingly. FAB-MS analysis revealed that compound 2 was not completely homogeneous. The 

latter was also supported by HPLC analysis which showed (see Figure 4) the presence of one major (I) and 

two distinct minor products (II and III). 

I 

II. R’ = H, Rz = &Glcp Me 
III. R’ = B-Glcp, R’ = H 

I I I I I I I I I I 
0 5 10 IS 20 25 30 35 40 45 

time (min.) 

Figure 4. HPLC chromatogram of heptamer 2 obtained after deprotection of 36 with NaOMe in MeOH/CH,Cl, 

followed by neutralization with excess Dowex (l-I+-form). 
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Scheme 3 
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Reagents and condRims: 

. B;;&ii5$_-_+ 

39.R’.R*=CHPh 
ra? 

i. TMsOTf(O.1 eq.). CH&. MS(0.4 I@, -200~; 
ii. BzCI. pyridine 

(‘w ivc31. R’ 3 R’= H 

iii. ~s/cu.TfOH. ClCH~CH2C~o. MS(0.4 in), ooc, 
iv. HOCH,CH#LpTsDH. C!H&l,; 
v. &D. pyridim them pTstXi, CH&j~eo~ 
vi. NaOMe. MefXJ/CH&lz 
vii. NH3, MeOH/CIi#Xz 1 

19* *z&g+ 

Ii20 
B 

32. R’ = TBDMS Rz = H 
hk 

(-) ‘[s33. R’ I H, Rz z ic 

34. R’, Ra = CHF’h 
@24b) iv&. RI s Rz = H 
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Purification of crude 2 by HPLC and identification of the individual compounds by ‘H-NMR 

spectroscopy showed that the major product I was the desired heptaglucoside 2. On the other hand, the ‘H- 

NMR data of the minor impurities were in good accord with the sauchu~s of the hexaglucosides II and III. 

The formation of the latter by-products may be ascribed to methanolysis of exposed glycosidic bonds in 2 by 

the strong cation*xchange resin Dowex W-form) which was used in excess for the neutrakatlon of the 

sodium methoxide in the final deacylation step of 36. The latter assumption was endorsed by the finding that 

deacylation of 36 with sodium methoxide followed by neutralization with a slight excess of Dowex W-form) 

Figure 5. Anomeric region of the ‘H-NMR spectrum 
(D20, 28510 of heptamer 2 

Experimental 

or, mane conveniently, with dry ammonia in 

methanol yielded homogeneous 2. the FAB-MS and 

NMR data (see Figure 5) of which were in full 

agreement with those reported’*6*‘c1* for la,b. In 

addition, the heptaglucoside 2 was found to be 

highly effective in eliciting phytoalexins in soybean 

cotyledons. 

In conclusion, the results presented in this 

paper show that the laminaribiosyl approach is 

efficient for the preparation of phythoalexin elicitor 

2 and analogues thereof”. Further, preliminary 

experiments” showed that the approach could 

easily be adopted to a polymer-supported solution 

synthesis of 2. 

General methods and materials - pyridi was dried by mfluxing with CaIE, (5 g/L). methanol (MeOH) by refluxing 
with magnesium methoxide and toluene, 1,2dichlomethane (DCE), diethylether (EhO) and dichloromethane (CH&lJ 
by refluxing with P,Os (5 g/L) and then distilled. N, Ndimethylfhuunide (DMF) was dried by stirring with Cal$ for 
16 hr and then distilled under reduced pressus. Pyrldine, DCE, CH#&. DMF and acetonitrile (CH,CN) were stored over 
molecular sieves 0.4 mn, MeOH over molecular sieves 0.3 nm, toluene and EbO over sodium wire. N-iodosuccinimide 
and trlfluommethanermlf onic acid wem pm&ased from Aldrich and Fluka respectively. Column cluomatography was 
perfomed on Merck Kieselgel60 (230400 mesh, ASTM) and TLC-analysis on DC Fertigfolien (Schleicher & S&ill 
FIXI LS254) with detection by UV where applicable and charring with 20% sulfuric acid in methanol. optical rotations 
were determined at 2OT with a Peddn-Elmer 241 polarlmeter. “C-NMR spectra were measured at 50.1 MHZ. using a 
JEOL JNM-FX 200 spectrometer on line with a JEC 980 B computer. ‘H-NMR spectra were recorded at 300 MHz using 
a Bruker WM-300 spectmmeter interfaced with an ASPEm-2000 computer operating in the Fourier transform mode. 
Chemical shifty are given in ppm (6) relative to TMS as an intemal standard. HPLC analysis was canied out on a BKK 
liquid cluomatograpb using a Dionex Carbopac PA1 (4 x 250 mm) column. Gradient elution was performed by building 
up a gradient starting with buffer A (100 mM NaGH) and applying buffer B (100 mM NaOH + 500 mM NaOAc) with 
a flow rate of 2.0 ml&in. Gradient: buffer A/buffer B, 100/o -_) 80/20 (25 min) -_) 50/50 (40 min). The elution was 
monitored using a Dionex PAD-detector. 

Methyl 53,etriO-benmyl-a-D-%ucopyranoside Q - A solution of a-methyl glucoside 3 (2.00 g. 10.3 mmol) and 
rerf-butyldimethylsilyl chloride (1.80 g, 11.9 mmol) in pyridine (100 mL) was sthed at 2CPC until TLC-analysis 
(toluene/MeGH, 4/l. v/v) showed complete conv&sion of 3. Benmyl chloride (3.90 mL, 33.6 mmol) was added and 
stirring was continued for 16 hr. Excess benzoyl chloride was destroyed with I-&O and the reaction mixture concentrated 
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gel column chromatography (light petmleum/EEoAc. 9/l + 7/3, v/v) furnished 11 (1.49 g, 72%). II, 0.43 (light 
pen~leum/EtOAc. 3/l. v/v). [al:’ 28.2” (c 1. CHCQ. I?( *H)-NMR (CDCI,): 6 14.5 (mCH,), 23.4 (SCH#H,), 54.4 
(OMe MeOBn). 68.1 (C-6), 70.2, 71.5. (C-2,5), 78.4 (C-4). 81.2 (C-3). 83.8 (C-l), 73.3 (tX& MeOBn). 100.7 (CH 
benzykkne). 113.4, 132.7 (CH_. &OBn). 1249129.7 (CH.,,,, C, benzylidene, benzoyl). 137.2. 137.3 (C, 
benzylidene, MeOBn). 158.7 (O& MeOBn), 164.6 (00 benzoyl). ‘H~NMR (CDU,): 6 1.24 (t, 3H, SCHQQ, 2.7- 
2.8 (m. 2H. SC&CH& 3.5-3.6 (m. 1H. H-5). 3.71 (5. 3H. OMe MeOBn). 3.85 (dd. 1H. H-6). 3.85 (dd, 1H. H-4. J, 
= 11.3 Hz), 3.91 (dd, lH, H-3, J, = JW = 9.2 Hz). 4.43 (dd, IH. H-6’. J, = 5.0, I,. = 10.6). 4.64 (d. 1H. H-l, J,Z= 
10.1). 4.66.4.78 (2xd. 2H. q MeOBn), 5.33 (dd, 1H. H-2). 5.64 (s. IH. CH benzylidene). 6.62,7.1-7.6.8.02 (m, 14H. 
CH_, benzylidene. benmyl, MeOBn). 

General proa&re for iodo&m ion mediated glycosyiatbns 
0.1 M stock-solution of NIS/U&T~OX uifluommWc acid (20 pL. 226 pmol) was added to a solution of N- 
iodomccinimide (460 mg. 2.04 mmol) in IXX/EhO (l/l. v/v. 20 mL). 
A 0.1 M solution of NX/cat.TfOH (1 equiv. rel. to donor) in DC!E&O was added to a mixture of acceptor, donor and 
powderedmo~sieves(0.4nm)inDCEatOOCundernnatmosphaeofN,.AfterlOminstOOC.therePctionwPlr 
stopped with Bt,N and the reaction mixnue filted. diluted with JWAc and washed with 10% N&O,. 10% NaHCO, 
and KO, dried @@SO,) and concentrated. 

Methyla-~~~~~-~~~~~-~~~p~i~2~~~~~~~~ 
glucopyranoside (12) - Acceptor 5 (399 mg, 789 pool) and donor 11 (402 mg. 750 pool) in DCE (7.5 mL) were 
coupled as described in the general procedure. Rirification by silica gel column chromatography (tol~acetone, 98/2. 
v/v) afforded 12 (662 mg. 90%). & 0.41 (toluene/acetone, 95/S, v/v). *%(‘H)-NMR (CDCl&: 6 54.8 (2xOCHa,68.3 
(C-6”8>, 66.1.69.7,71.6.72.8,73.1,73.4 (C-2A5.3A,4A.5”=s), 73.5 (w MeOBn). 77.1 (C4’). 81.4 (C-3B), %.4 (C-l”), 
101.1, 101.3 (C-l’, CH benzyliine). 113.3. 133.0 (a, MeOBn), 125.1-129.6 (a,. C_ benzylidene. benzoyl), 
137.1 (C- henzylidene. MeOBn). 158.7 (Oc, MeOBn), 165.0. 165.3, 164.7 (C=O benzoyl). 

Methyl ~-(w-~yt-3_o-paro-methoxybenzyl-~~~~~~~~~~~~-~~yl~D-~~~~de 
(13) - Acetyl chloride in MeOH (0.25 M, 3.0 mL) was added to a solution of 12 (662 mg, 675 pmol) in CH,Q, (3.0 
mL). After 2 hr at ZOOC, the reaction mixture was neutralized with Et,N and concentrated in mcrro. PWication by silica 
gel column chromatography (toluenz/acetone, 4/l. v/v) gave 13 (482 mg, 80%). R, 0.47 (toluene,MeOH, 85/15. v/v). 
“C(‘H)-NMR (CD(&): 654.8 (2xOCH3.68.3 (fXAa). 69.6,69.9,71.7,72.7,73.1.74.1 (C-2A9.3A,4A.5U), 77.4 (C#), 
81.2 (C-33, 96.4 (C-l”), 100.9 (C-l’), 113.4, 133.0 (CH_. MeOBn), 125.1-129.6 (CH_,, C_ benzoyl), 158.6 
(OC, MeOBn). 164.9, 165.0, 165.5 (C=O benzoyl). 

Methyl 6-~-(6-0-(2J,4,6tetra-O-~n~yi-~~~ucopyranosyl)-2~-~n~yl-3~-~a-~thoxy~nzyl-~-D- 
8lucoPyronOSyl)-~~~-~Yl-a-D-g (14)- Donortt(155 mg,242 pmol)and acceptor13(161 
mg, 180 pmol) in DCE (2.5 mL) were coupled as deacrihed in the general procedure. Pmificadon by silica gel column 
chromatography (toluene/acetone. 9X3, v/v) afforded 14 (209 mg. 79%). ‘T(‘H)-NMR (CDCI,): 6 54.8 (2x-, 63.0 
(C-64, 72.6 (tXA5). 73.8 (w MeOBn). 75.9 (C-4B), 81.0 (C-39, 96.4 (C-1’). 100.6, 100.7 (C-l’?, 113.7. 132.9 
(CH_. MeOBn). 129.2-133.4 (CH_., C!,, benzoyl), 158.7 (OC_. MeOBn). 164.1-165.2 (GO benzoyl). 

Methyl ~-(aO-(2JpptetrP-o-benzoyl-~D-~~p~o~l~~~-O-~n~y~-~-~~~~a~l~~~~i-O- 
henzoyl-a-D-glucopyranoside (16) - Benzoyl chloride (25 & 215 pmol) was added to a solution of 14 (209 mg. 142 
pool) in pyridine (3.0 mL). After 16 hr at 20°C excess benzoyl chloride was destroyed with KO and the reaction 
mixture was concentrated in vucuo. The residue was taken up in EtOAc, washed with 0.1 M &SO,. 10% NaHCq and 
&O and concentrated. Clude 15 thus obtaii was redissolved in CH&l.&O (8/l, v/v, 1;8 mL) and 2,3dichlom-5.6- 
dicyano-1,4&enzodiiuinone (100 mg, 441 pool) was added. Atkr 1 hr at 2oOC, the reaction mixtune was fdteti over 
Hyflo and then concentrated in vacua. The residue was taken up in EhO, washed with H,O. 10% NaHCO,, &O, tied 
(CaCQ and concentrated. Purification by silica gel column chromatography (light petrokum/EtOAc. 3/2 + 2/3. vb) 

yielded 16 (123 mg, 59%). ‘3C(1H)-NMR (CDCI,): 6 54.4 (0(X&,62.3 (C-64.67.5 (C-6A3. 84.8 (C-3B), %.O (C-l’), 

100.9. 101.1 (C-lBq, 127.5-132.1 (CL.. C+ benzoyl). 163.5-165.3 (C=O benzoyl). 
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Methyl 6aw-o_( &%w--oW-B l-W~i-$-WbW~- 
bewuyl_aeD-~yramulde (18) - Trimethylsilyl trin inCH+&(0.1M,170ytL)wasaddedto 
a mixture of 16 (123 mg. 83.9 pmol). 17 (125 mg. 169 pmol) and molecular sieves (0.4 mn) in dry QizQl (3.0 mL) 
at 0°C under an atmospkm of nitrogen. After 1 hr at OOC. the teaction mixture was neutmlizd with B&N. filtered and 
then wasbed with 10% NaHCQ and &O. The organic layer was dried (MesO,). W andtknpWiBedbysilica 
gel column chtomamgrapby (lif#tt @&um/EtOAc, 7/3 + l/l, v/v) to sfford 18 (95.5 mg. 56%). ‘I-NMK 
(CDCQ : 6 54.3 (OCH,). 62.2, 62.3 (C-6‘=). 67.7 (C@‘). 85.0 (C-3’). %.O (C-l*). 100.8, 101.1, 101.2 (C-l*=‘), 
128.2-133.3 (CH,_, C, benzoyl). 163.8-165.5 (0, benxoyl). 

Metbyl ao_(3~~-(B-~u~l~~D-~u~p~~~-~~p~~de (19) - Sodium metboxide was 
added to a solution of 18 (95.5 mg. 47.0 ~1) in fX#ZlJMeOH (l/2, v/v. 4.5 mL) until pH = 12. After 24 hr. the 
reaction mixture was neutralized with Dowex 50 KW4 resin @I+-form. lCNI-200 mesh), filtemd and then concentrated 
in VUCIW. The residue was purified by Sephadex LH-20 chtomato8mpby (MeOH) to afford 19 (30.4 mg, 95%). ‘v(‘H)- 
NMR @20): 8 56.02 (OCH,). 61.47 (C-6=‘), 69.30, 69.39 (C&). 68.69, 7O.W. 70.35.71.29. 71.90, 73.60, 73.73, 
73.86, 74.20. 75.41, 76.30. 76.41, 76.67, 76.75 (C-2 hpfp, c-3-, c4_“, C-5”=). 84.86 (C-33, 100.10 (C-P), 
103.32,103.53,103.66 (C-1’9. ‘H-NMB aO.285 K): 8 3.35 (s, OCH& 4.14 (bt. 2H), 4.46,4.47 (2xd. 2H, H-lBD. 
J ,) = 8.0 Hz). 4.70 (d, lH, H-l=, J,, = 7.9 Hz), 4.74 (d, 1H. H-l”, J,, = 3.7 Hz). 

Methyl ~O-(~-(2~,~tr~-O-benzogl-BO-tarl-bu~l~~thylsilyl-~~glu~p~an~yi)-~~n~yl-~-~- 

methoxrbenyl-BPduropJrlmossl)-2JPtri-O-b (20) - Donor 7 (350 mg. 538 pmol) 
and acceptor 13 (321 mg. 360 pmol) in DCB (5.0 mL) were coupled as described in tbe general pmcedure. Purification 

by silica sel coltmm cbtomatograpby (toluene/acetone. 9713. v/v) afforded 20 (448 mg. 84%). R, 0.31 (toluen&cetotm, 
9515, v/v). "C('H)-NMR (CDCIJ: 6 -5.6 (SiCH, TBDMS), 17.9 (SiC(C!H~, TBDMS), 25.5 (SiC(C’H& TBDMS). 54.8 
(2xCCH3). 68.3 (C-6% 72.6 (C-6Ag), 73.8 (CHz MeOBn), 77.9 (CAB), 81.2 (C-3’). %.4 (C-l”). 100.7, 180.9 (C-lBo), 
113.7.133.0 (CH_, MeOBn), 128.0-133.1 (CH_,. C_, benxoyl). 158.8 (OC-, MeOBn). 164.5-165.5 (C=O benxoyl). 

Methyl 6~-(6-O-(2~,Ctri-O-benzoyl-~-D-g~ucopyranosyl)-2,~~-O-~n~yl-~-~~u-~hosy~nsyl-~D- 
~ueopgrPnosyl)_~~~JP-tri-O-benzogl-a-D-gl(21) - Benxoyl chloride (50.0 pL, 431 pmol) was added to 
a solution of 20 (448 mg, 302 pmol) in pyridine (3.0 mL). After 16 br at 2oOC. excess benxoyl chloride was destroyed 
with Hz0 and tire ma&on mixtum was concentrated in VUCIW. The msidue was taken up in EtOAc. wssbed witb 0.1 hi 
&SO,, 10% NaHCQ and &O and then concentmted. The residue was redissolved in CH3CN&0 (7/l, v/v. 4.0 mL) 
and tbe pH was adjusted to 3 with para-toluenesulfonic acid monohydrate. After 2 hr at 20°C. the tea&m mixtum wss 
diluted with EtOAc, wasbed with 10% NaHC03 snd KO. dried (MgSO,) and concentrated. Siica gel column 

chromatography (tol~acuone, 95/5. v/v) of the crude product yielded 21 (408 mg. 92%). R, 0.25 (toltiacetone, 
95/S, v/v). ‘I-NMB (CDC13): 8 54.8 (2xOCHJ. 68.2 (C-64,72.6 (C-6A’“). 81.1 (C-3s) 96.4 (C-l”). 100.4. 100.8 
(C-F), 113.3,133.O(CH,, MeOBn), 127.9-133.2 (CH_.. C, benxoyl), 158.8 (CC, MeOBn), 164.5-165.4 (C=O 
benxoyl). 

Methyl 60-(60-(60_(2-0-be~yl~~-~n~liden~3~-~-~ho~~~l-~~~u~p~a~yl)-2~,~~i~- 
benzoyl_BDetu)-2~~~-~~-~~-~~-~~~~~~~~~~-~ 
glucopyranodde (22) - Donor 11 (225 mg, 420 pmol) and acceptor 21 (408 mg, 278 ~01) in DCE (4.0 mL) were 
coupled as described in the general procedure. Btuification by silica gel column chromatography (toluene/acetone 97/3. 
v/v) afforded 22 (449 mg, 83%). R, 0.29 (toluen&cetone, 95/5. v/v). *3C[LH)-NMB (CDCl$ 8 54.7,54.8 (3xOCH3, 
68.0,68.5 (C-6AsP8), 73.4,73.6 (CHz MeOBn), 77.2 (C-4’). 81.1, 81.5 (C-3*3,96.4 (C-l*). 100.7, 100.8, 101.0. 101.9 
(C-laPa, CH benxylidene), 113.3. 113.4, 133.0 (CH,, MeOBn), 125.1-129.6 (CH_,. C_ benxyiidene, benxoyl), 
137.2 (Crpun benxylidene), 158.9 (CC,, MeOBn). 164.6-166.8 (C=O benxoyl). 

Methyl 6-0-(~-(6-0-(2-0-bn~yl-3-O-~ru-me~oxy~nzyl-~D-~u~pyranosyl)-2~,~t~~-~~yl-~D- 
g~ucopyranosyl)-2,~-di-O-benzoyl-3~-pa~-methoxybenzyl-~-D-glucopyranosyl)-2,3,etri-O-benzoyl-a-D- 
glucopyranoside (23) - Acetyl chloride in MeOH (0.25 M, 1.0 mL) was added to a solution of 22 (449 mg, 231 pool) 
in CX-LJ& (1.0 mL). After 2 hr at UPC, the reaction mixture was neutralixed with Et,N and concentrated in vucuo. 
FUikication by silica gel column chromatography (tohtene,ketone. 4/l, v/v) gave 23 (292 mg. 68%). B, 0.49 
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(toluene/MeoH. 85/U, v/v). “C( ‘H)-NMR (CDCQ : 6 54.8.55.0 (3x-, 67.7.68.1.68.4 (C-6”=9.74.0 (2xcEt, 

MeOBn). 78.8 (WE). 81.9 (C-3na). 96.3 (C-l*). 100.5, 100.7. 101.0 (C-lxpB). 113.4, 113.7. 133.0, 133.4 (CH_, 

MeOBn), 125.2-130.0 (CH_,., C_ benxoyl). 158.9, 159.1 (CC_. MeOBn). 164.7-165.6 (GO benzoyl). 

Methyl 6~~.~yl-~~~~p~~~-~yl-~~-~-~~ 
g~uEopyranosyl)-2,3,4-tri-O-~nxoyl-~-D-~ucopyranosyl)-2,4-di~-ben~yi-3-O-~a~-~thoxybenxyl-~-~- 
plucopyrPnossl)_23PtriO_beazoyl_cxrDgluc (24) - Donor 8 (150 mg, 234 pmol) and acceptor 23 (292 
mg. 157 pmol) in DCE (2.5 mL) were coupled as described in the general pmcedure. Purification by silica gel column 
cbromatograpby (tolueneketone, 9713. v/v) afforded 24 (340 mg. 89%). & 0.21 (light petroleum/EtoAc, 2/3, v/v). 

‘3C{‘H]-NMR (CDQ) : 6 54.7, 54.9 (3xocH3. 62.5 (C-69, 67.9, 68.1, 68.5 (C-6=‘9. 73.9 (2xCHs MeOBn). 78.5 
(CXs), 81.7 (C-3”8>. 96.4 (C-l*), 100.5, 100.8. 101.1 (C-lBDy. 113.4, 113.6, 133.0, 133.5 (C!H_. MeQBn), 125.0- 

129.8 (CH-,, C, benroyl). 159.0 (CC_. MeOBn). 164.7-165.9 (GO benxoyl). 

MeW ao_(ao_(~~~~~~~~l~~~~p~~2~~~~~~~~~~~ 
tri-o~zOy~-~D~~p~l~~~~-~yl-~~~~p~)-~~~~~-~~~~~~ 
(26) - Benxoyl chloride (25 pL. 215 pmol) was added to a solution of 24 (340 mg, 140 pmol) in pyridhre (3.0 mL). After 
16 br at 2oOC, excess benxoyl chloride was destroyed with %O and the reaction mixtute was concentrated in vucrw. The 
residue was taken up in EtOAc, wasbed with 0.1 M H,SO,, 10% NaHC4 and &O and concentrated. Crude 25 thus 

obtained was redissolved in CH$&/H@ (8/l. v/v, 1.8 mL) and 2,3dichloro-5,6dicysno-l+benxodiquirmne (100 mg, 

441 pool) was added. After 1 br at 20°C the reaction mixture was filtered over Hyflo snd then concentrated in vacua. 

The residue was taken up in EbO. washed with %O. 10% NaHCO,, QO, dried (Cat&) and concentrated. Purification 

by silica gel column chromatography (light petroleum/EtOAc. l/l + 3/7, v/v) yielded 26 (212 mg, 66%). ‘fc( ‘H)-NMR 

(CDCQ: 8 54.9 (00, 62.6 (C-69, 67.9, 68.2, 68.6 (C-6 “pB), 82.6 (C-3B3, 96.4 (C-1’). 100.6. 100.8, 101.0 (C- 

l”‘?, 125.3-130.1 (CH,_,, C- benroyl), 164.5-165.8 (C=O benzoyl). 

Ethyl 39-(2J,4~ttetra-O-b-~~~u~p~~syl)~,~-~yliden~l-thio-~~~~p~~o~de (28) - 
Trimetbylsilyl trifluoromethanesulfonate (150 pL, 0.83 mmol) was added to a mixture of 9 (2.20 g, 7.05 nunol). 17 (6.W 

g, 8.10 mmol) and molecular sieves (0.4 nm) in dry CH.$& (150 mL) at -20°C under an aunosptaue of nitrogen After 
1 br at -20°C. the reaction mixture was neutralixed with Et& fdteted and then washed with 10% NaHCO, and &O. 

The organic layer was dried @@SO,), concentrated and then purified by silica gel column chromatography (light 
peuoleum/BtOAc, 9/l + 3/2. v/v) to afford 28 (6.15 g, 98%). R, 0.21 (light pettoleum/EtOAc = 3/2). [a]:’ 5.3” (c 1. 

CHCI,), lit’ bXl~” 6’ (C 1.1. CHCl,). L3C(1H)-NMR (CDCl& 8 15.0 (SCH.&H~, 24.0 (SC’H$H,). 62.7 (c-6’), 68.4 (C- 

6). 69.4, 70.7, 71.9. 72.4. 72.6 (C-2.5,2’,3’,4’,5’), 78.9 (C-4), 82.5 (C-3), 86.0 (C-l), 101.1. 101.4 (C-l’, CH 

benxylidene). 125.8-133.2 (CH,., Cm benxylidene, benxoyl), 136.9 (C_. benxylidenc). 164.9. 165.5. 165.6 (GO 

benz~yl). ‘H-NMR (CDCl&: 6 1.21 (t, 3H. SCH#X,), 2.53-2.68 (m, 2H. SCH,CH~, 3.a3.53 (m. 2H. H-2&), 3.70 

(dd. lH, H-4), 3.67-3.82 (m, IH, H-5), 3.89 (dd, IH, H-3). 3.91-3.97 (m, 1H. H-5’), 4.284.33 (m. 2H, H-6bd.a). 4.36 
(d. lH, H-l. JI1 = 9.9 Hz). 4.49 (dd, 1-H. H-6’b), 5.22 (d. lH, H-l’, J,.,. = 7.8 Hz), 5.55 (dd, 1H. H-2’). 5.56 (s, 1H. 

CH bettxylidene), 5.71 (dd, 1H. H-4’). 5.93 (dd, lH, H-3’), 7.2-8.1 (m. 25H. CH_,, knzoyl benzylidene). 

Ethyl3-0_(~~~a-0-benzoyl-~~~~pyr~~yl~2~-~yl~~-~~~n~l-~~~~-~~p~~de 
(29) - Benxoyl chloride (1.10 mL, 9.48 mmol) was added to a solution of 28 (6.15 g, 6.91 mmol) in pyridii (50 mL). 
After 16 br at 20°C. excess benxoyl chloride wss destroyed with &O and the reaction mixture was concentrated in 

vucuo. The residue was taken up in EtOAc, washed with 0.1 M -0,. 10% NaHCO, and &O, dried (MgSO,) and 
concentrated. CrystaUxation from CH&/figbt petroleum gave 29 (6.25 g, 91%). Mp. 227-228OC, lit.’ m.p. 228-229°C. 

R,O.37 (light petmleum/EtOAc, 7/3, v/v). [a]? 15.7” (c 1, CHCl& lit” [a]:’ 16O (c 2.1, CHQ). ‘3C(‘H)-NMR (CDCl,) 

: 6 14.3 (SC!H,CH& 23.4 (SCJ-J&H,), 62.6 (C-6?, 68.2 (C-6). 69.3,70.5,71.1, 71.4.71.8, 72.7 (C-2.5,2’,3’,4’,5’), 79.0 

(C-4). 79.7 (C-3). 83.7 (C-l), 100.4, 101.1 (C-l’, CH benxylidene), 125.7-133.0 (CH__,, C_ benxylidene, benxoyl), 
136.7 (C+,,,,, benxylidene), 164.3, 164.5, 164.7, 165.3, 165.7 (C=O benxoyl). ‘H-NMR (CD&): 8 1.15 (t. 3H, 

SCH,CYQ. 2.55-2.70 (m, 2H. SW&H,), 3.57 (dd. lH, H-6a), 3.83 (ddd. Hi. H-5). 3.91 (dd, lH, H-4). 4.23 (dd. lH, 

H-3), 4.27 (dd, 1H. H-6’a). 4.38 (dd. lH, H-6b). 4.48 (dd. lH, H-6’b). 4.57 (d, 1H. H-l. J,.,. = 7.8 Hz), 5.35 (dd. lH, 

H-2), 5.47 (dd. lH, H-2’). 5.60 (dd. lH, H-4’). 5.64 (s. 1H. CH benxylidene), 5.71 (dd, lH, H-3’). 7.1-8.1 (m, 3OH, 

CH_. benxoyl, benxylidene). 



Synthesis of a methyl heptaglucosicle 7313 

Mew 6-@mwAw-~-*m=mw -=f-&-Pmb 
2,3,44rW-benzuyLa-tbgbcopyr8neside (30) - Accepm 5 (478 mg. 945 pxnol) and domr 29 (1.05 g, 1.06 mmol) in 
DCE (10.0 mL) ‘were coupled as descdibed in the general pmcedum. Ftuification by sil@ gel column chmmatography 
(light petroleum/EtOAc, 4fl + 3R. v/v) sffotded 30 (1.10 g. St%). Rt 0.34 (light petmleumBOAc. 3R. v/v). [al:’ 
34.7” (c 1. CHClJ. “C!(‘H)-NMR (CDCl,) : 654.5 (OCHJ. 62.8 (C-6=). 68.5 (C-p). 78.6,79.2 (C-3B,4B). %.O(C-lA), 
100.5. 101.2. 101.6 (C-l ‘.=, CH benxylidene), 125.8-133.3 (w., C, benzylidene., benxnyl). 136.8 (C, 
benxylidene). 164.2-165.7 (00. benxnyl). 

M~Yiao-(~53A~~P~~~~~~~~~~~~~~- 
cm-ghcopymndde (31) - Ethylene glycol(l90 pL, 3.40 mmol) and a uualytic amount of para-toluenesulfonic acid 
were added to a sulution of 30 (1.10 g, 765 pmol) in CH&J (8.0 mL). After 16 hr at 2ooC. the teaction mixtme was 
neutralizedwithE~EttdtMtl concenaated in vucuo. Cqsmlbuon fmm C!H&/light petmleum gave 31(%X) mg. 
88%). Mp. 217-218T. R, 0.25 (tohtet&MeOH. 95/5. v/v). [a]:’ 12.7O (c 1, CHC!l& l’C(‘H)-NMFt (CDClJ : 6 54.4 
(OCH,). 61.2 (C&), 62.3 (C-g), 67.5 <C-6”>. 75.7 (C-4”). 84.3 (C-3’), %.O (C-lA), 100.8. 101.2 (C-lBc). 127.7-132.9 
(a,, CW benxoyl), 164.3-165.9 (C=O, benxoyl). 

Methyl ~~(2J-~~~~p~~~~~~~~~~~~l~~~l~~ 
D-~~p~~l)-2O-~-benzoyl-&D%lcopprrw (32) - Donor 7 (650 
mg. 1.00 mmol) snd scceptor 31 (909 mg, 673 pmol) in DCE (10.0 mL) were coupled ss described in the general 
pmcedum. FWikstion by silica gel column chmmstography (light petroleum/EtOAc, 4/l + 3R, v/v) afforded 32 (1.03 
g. 79%). I(I 0.32 (light petroleumBtOAc, 3R. v/v). [al;’ 5.90 (c 1, CHCI,). “C( ‘H)-NMR (CDCLJ : 6 -5.7 (SicfE, 
TBDMS), 17.8 (SiC(CH& TEtDMS). 25.4 (SiC(CH,), TBDMS). 54.3 (OCH~. 62.3 (C-6’?. 67.5 (C-6*~). 76.1 (C!+, 
85.2 (C-3B).%.0(C-lA), 100.9.101.1.101.3 (C-l’c~, 127.7-132.8 (CH,, , Cpln. benxoyl). 163.7-165.5 (C=O. benxnyl). 

Methyl ~-(~_(~~atetrP9-benzoyl-B-D-plucop- 
acetYi~-ben~i-~~ducopyrPnosgl)-29P-t (33) - Acetic anhydridc (2.0 mL, 
21.2 mmol) was added to a solution of 32 (1.03 g. 532 pmol) in pyridine (5.0 mL). After 16 hr at 20°C excess acetic 
anhydride wss destroyed with %O and the reaction mixture was concentrated in VLICW. The residue was t&en up in 
EtOAc. wsshf!d with 0.1 M H$O,, 10% NaHCO, and &O snd then cnncentrated. The residue wss m-dissolved in 
CH$LJMeOH (lR, v/v, 6.0 mL) and the pH was adjusted tc 3 with para-toluenesulfonic acid monohydrate. After 3 
hr at 20°C, the reaction mixture was neutralii with Et,N snd then concentrated in vactw. Ctystallixstion from 
(X$&/light petroleum afforded 33 (893 mg. 90%). M.p. 163-164T. & 0.24 (light petroleum/EtOAc. l/l. v/v). [a]:’ 
1.2“ (c 1, CHCJ). 13C(‘H}-NMR (CDClJ : 6 54.4 (OCH,), 62.3, 62.4 (C-6’4, 67.5 (C@‘), 85.1 (C-3n), 96.0 (C-l*), 
100.9. 101.1. 101.2 (C-lx’?, 127.9-132.9 (U-I_,, C,, benrcyl), 164.0-165.8 (C=O, benxoyl). 

Methyl 6-0-(~~di-O-(&~glucopyranosyl)-gD-glu (20) - Compmmd 33 (290 mg, 
156 ~01) was converted, as slready described for compound 19, into 20 (101 mg, 95%). All analytical data were. 

identical to 20 obtained earlier (vi& supru). 

Methyl ~o-(~O-(6~-(3~-(2J,4~~~a-O-~n~y1-~D-~u~py~nosy~)-2~-~~yi-4,~-~zylid~~~-D- 
giucopyrPnosyi)-2~~tri-O-benzoyl-gD-%urop- 
acetyl-4o-benzoyl-~~~uwp~~~)-23,4 (34) - Donor 29 (480 mg. 483 pmol) 
snd acceptor 33 (603 mg, 323 pmol) in DCE (5.0 mL) were coupled ss described in the general pmcedure. Purification 
by silica gel column chromatography (light petmleum/EtOAc. 7/3 + l/l. v/v) gave 34 (768 mg, 85%). & 0.50 (light 
petroleum/EtOAc, l/l, v/v). [al;’ 4.4’ (c 2, CHCl& “C[‘H)-NMR (CDCJ) : 6 54.3 (OCH,), 62.8 (C-6’q. 78.6 (WE), 
85.5 (C-3B3. 96.1 (C-IA), 100.5, 100.6, 100.9. 101.1, 101.3 (C-l BcDBF, CH benzylidene). 125.7-132.9 (CH_,. C, 
beuzylidene. benzoyl). 136.7 (C,, benzylidene). 163.8-165.6 (C=O benzoyl). 

Methyl ao_(ao-(ao-(~(S3Aatet~~-~yl-~~~~p~~~-~~-~~~y~~~~~~- 
O-bonzoyl-~-D-glucopyranosyl)-3-0-(2,3,4,~~tra~-~n~yl-~D-~u~p~an~yl)-2-O-a~tyl~~-~~yl-~-~ 
glucopyrPnosyl)-~,Qtri-O-bonzoyl-a-D-g (35) - Ethylene glycol(80 pL, 1.43 mmol) and a catalytic 
amount of para-toluenesulfonic acid were added tc a solution of 34 (768 mg, 275 pool) in CH,cI, (3.0 mL). After 16 
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hratupc.theleactionmixhlrtwasneutralizedwith~andthm conentmted in vacua. The &due was redissolved 

in EtoAc. washed with 10% NaHCO, and &O, dried @fgSO$ rml then co-. FUdfication by silica gel column 

chromatography (light peb~leum/EtOAc. 3R 3 2/3. v/v) yielded 35 (611 mg, 82%). % 0.26 (tol&eOH, 95/S. v/v). 
[al:’ -5.2’ (c 2. CHCQ. “C(‘HJ-NMR (CDCI,): 6 54.4 (OCH,). 61.7 (CX’kp,. 77.2 (C-48>. 85.4 (C-3a3.96.0 (C-l*), 
100.6, 100.9, 101.3. 101.4, 101.5 (C-lBcPq, 128.el33.0 (CH_,, C, benzoyl), 164.0-166.7 (00 benzoyl). 

M&d ~_(~_(~_(~~-(57Aatetrtl-o-benzoy 
tri-O-ben~yl-~~~~p~a~syl)_3-O-(2~4~t~a~-~~yl-~~~~p~yl~W~tyl-~-~~y~~~ 

$ucopyranosyl>&3&ri~-benzoyl-&D-glucopyranoside (36) - Donor 8 (190 mg, 297 pmol) and acceptor 35 (547 

mg. 197 pmol) in DCE (3.0 mL) wem coupled as -bed in tk general pmcedufe. Purification by silica gel c&mu 
chmmatography (light WeuaVEtOAc. 3R --) l/l. v/v) gave 36 (528 mg, 80%). IL, 0.34 (light petmleum/EtOAc. l/l. 

v/v). [alp 18.8’ (c 2, CHCQ. “C(‘H)-NMR (CDCl$6 54.4 (OCH,). 61.7.61.8 (C-6ca”4, 76.7 (C_4B), 85.3 (C-3’3. 

96.0 (C-1’). 100.8. 100.9, 101.2, 101.5. 101.6 (C-lBcpU~, 127.8-133.2 (CH_, C_ benxoyl), 163.9-167.1 (GO 
berrzoyl). 

Methyl 6~-(6-0-(6-0-(3,6-di-O-(~D-glucopyranosyl)-~-D-glucopyranosyl)-~-~~u~pyranosyl)-3-O-(~-D- 

glueopsrPno~~BD-glup~noayl)scPglueo (2) -Method A. Sodium methoxide wasadded to a solution 
of 36 (205 mg. 60.2 pm011 in CH@#&OH (lR, v/v. 1.2 mL) until pH - 12. After 24 hr. tbe reaction mixture was 
neutmlized with excess Dowex 50 XW4 resin (IV-form. lOO-u)o mesh), filteti and then concentrated in vacua The 
residue was purified by Sephadex LH-20 chromatography (MeOH) followed by pqarative HPLC (see General methods 
and materials) to give 2 (10.1 mg, 14%), II (0.5 mg) and III (0.5 mg). 

Method B. A saturated solution of ammonia in MeOH (5.0 mL) was added to 36 (323 mg, 94.9 pmol) in C&-H 

(1R. v/v, 4.5 mL). After 24 hr at 20°C the reaction mixture was concentrated in vucuo and the residue was purified by 

Sephadex LH-20 chnm~atography (MeOH) to afford 2 (105 mg. 96%). [a]:’ = 2.2O (c 1, %O). FAB-MS: [M+Na]+ 1189. 

‘3C(‘HJ-NMR (40): 6 55.8 (OCH,), 61.3 (C@q, 69.2,69.4 (C-6 *B=), 84.7 (c-3B4. 99.9 (C-P), 103.3.103.5 (C- 
lBcPRP’($ ‘H-NMR (40.2859: 6 4.21 (bt, 4H). 4.44 (bt. 4H, H-lBDLa, I,, = 8.7 Hz). 9.67.4.68 (2xd, 2H. H-lCP, 

J,, = 7.8 Hz), 4.72 (d. 1H. H-l”, JIz = 3.7 Hz). product II. ‘H-NMR @20,28SK): 6 4.09 (bt, 3H). 4.41 (bt, 3H, H-lxPB. 
J ,> = 8.1 Hz), 4.65 (2xd. 2H, H-lCP. JL3 = 7.7 Hz), 4.69 (d. lH, H-l”, J,, = 3.2 Hz). product HI. ‘H-NMR (&O. 285K): 

6 4.09 &-Id. 4H). 4.42.4.50 (4xd, 4H. H-lBD? J,, = 7.8 Hz), 4.66 (d, 1H. H-lC. Jj3 = 8.0 Hz). 4.69 (d. lH, H-l*, J,, 
= 3.5 Hz). 
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