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Abstract: Tellimagrandin I was synthesized by two different biogenetically patterned routes. One route featured 
diastereoselective galloyl ester coupling between the O(4) and O(6) galloyl moieties in a glucose-derived substrate 
bearing additional protected galloyl groups on O(2) and O(3). The second route relied on a completely diastereoselective 
and regioselective Pb(OAc)4-based oxidative coupling exclusively between the O(4) and O(6) galloyl esters in a glucose- 
derived substrate featuring oxidation sensitive galloyl groups on 0(2)-0(6). Molecular mechania-based conformational 
analysis provides a rationale for the observed selectivity. 

The ellagitannin family of secondary plant metabolites, 
exemplified by tellimagrandin I (l),' is believed to originate from 
&mtagalloylglucose via oxidative coupling between some subset 
(either 2 or 4) of the galloyl esters radiating out from the central 
pyranose core.2 The mechanistic details underlying this appealing 
proposal have been subject to much conjecture, as a paucity of 
experimental evidence has limited critical evaluation of various 
hypotheses.2 Interest in thesecompounds has burgeoned recently 
as a consequence of their promising anticancer and antiviral 
properties (1 inhibits herpea simplex virus absorption by cultured 
cells at nanomolar levels3 ).a* However, access to homogeneous 
samples of natural products and their analogs is hampered by 
both (sometimes) inadequate purification techniques4 and a lack 
of progress toward their synthesis.$ We have initiated a program 
in total synthesis of ellagitannins (and analogs) to provide 
materials for biological evaluation, and our efforts have led to the 
recent disclosure of the frst example of diastereoselective oxidative 
coupling of model galloyl esters to yield the heretofore elusiveS 
(S)-hexahydroxydiphenyl (HHDP) moiety crucial to successful 
ellagitannin synthesis.6 We now report the extension of this 
promising development to the first total synthesis of a naturally 
occurring ellagitannin, tellimagrandin I (1). Particularly note- 
worthy features of this study are (1) the completely diastereo- 
selective and high yielding coupling of 0(4),0(6)-bound galloyl 
esters in a functionally complex glucose-derived substrate and 
(2) the entirely regioselective 0(4),0(6) galloyl coupling in 
2,3,4,6-tetragalloylated glucosesubstrates. Taken together, these 
~~ 
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results provide tangible evidence that bears on prevailing 
speculation concerning the stereo- and regiochemical control 
elements operating during ellagitannin bio~ynthesis.2.~ 

Two related but distinct strategies for the synthesis of 
tellimagrandin I were envisioned: a conservative approach in 
which the challenge of regioselective oxidation of a 2,3,4,6- 
tetragalloylated substrate is met by appropriate choice of 
protecting groups and a more faithfully biogenetic plan where 
the question of oxidation selectivity in a pergalloylated substrate 
remains open. The former approach is detailed in Scheme 
1 and relies upon standard carbohydrate manipulation chemistry 
to assemble the key cyclization precursor 5. Companion studies 
had revealed that perbenzylated galloyl units, as attached to O(2) 
and O(3) in 5, were unreactive to Pb(1V)-based oxidants. Hence, 
treatment of bis(pheno1) 5 with Pb(OAc)4 afforded the HHDP- 
containing cyclization product 6 in good yield and with strictly 
S stereochemistry in the biaryl unit, but as a (inconsequential) 
mixture of regioisomeric diphenyl ketal isomers. Simple hy- 
drogenation of the mixture of 6 liberated all of the hydroxyl 
moieties and furnished natural tellimagrandin I completely free 
of contaminants. The synthetic material exhibited spectral data 
coincident with that published for the natural product.' 

While this synthesis was adequate for delivering the pure target 
molecule 1 in eight steps from wglucose, it became increasingly 
clear that the length of this route could be halved if regioselective 
0(4),0(6) galloyl coupling could be realized in a substrate bearing 
the key diphenyl ketal protected galloyl esters at all four glucose 
oxygens. The cyclization precursor 8 was prepared in three routine 
steps from D-glucose to explore this possibility and subjected to 
Pb(OAc)d-mediated oxidative cyclization using various Pb(1V)W 
ratios, eq 1. We were gratified to observe that, upon treatment 
with 1.1 equiv of Pb(OAc)4, substrate8 furnished the 0(4),0(6) 
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First Total Chemical Synthesis of Tellimagrandin I 

Scheme 1 
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galloyl coupled product as the only cyclized material! Hydro- 
genation of the crude reaction mixture afforded natural tellima- 
grandin 1 (1) in 29% yield along with 29% of 2,3,4,6- 
tetragalloylglucose derived from uncyclized material. The 
structural basis for this unprecedented10 regioselectivity remains 
under investigation (vide infra), hut one hypothesis governing 
ellagitannin biosynthesis which invokes initial oxidation at an 
O(l)-bound galloyl group (not present in 8) followed by charge 
relay to the O(6) galloyl ester cannot be operating here? 

In a parallel series of studies, we have documented the utility 
of a VOF,-based protocol" for diastereoselectiveand regioselective 
oxidativecyclization ofglucosc-bound per-@methylgalloyl esters, 
eq2. Asin thePb(OAc),-mediated oxidativecouplingofphenolic 

VOFj 
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galloyl units, strict stereochemical control of atropisomer for- 
mation was observed, and no evidence for alternative coupling 
modes was detected.12 Thus, the facile synthesis of per-@ 
methyltellimagrandin I(10) via thevanadiumchemistry presents 
an attractive alternative to the lead chemistry when methylated 
derivatives of the natural product are desired. 

In summary, the first total chemical synthsis of theellagitannin 
secondarv olant metabolite tellimaarandin I has been recorded. _.  - 

I101 Reliminarv muting erariments indicated that dbhenvl ketal 
~~~I ~~~~~~~~~ 

protected galloyl &em attack tb O(2) and O(3) of a g l u m  derivative did 
afford satisfactory yieldsofthe 2.3-HHDP-wntaining product upon treatment 
with Pb(OAc).. Thus. wupling k t w e e n  the O(2) and 00) galloyl esters of 
8 could plausibly wmpctc with the observed 0(4),0(6) gallayl coupling. 

( I  I )  For example, sce: Damon. R. E.; Sehlessingcr, R. H.; Blount, J .  F. 
J.  Org. Chem. 1976.41, 3772. 

(12) Rcsubmission of the purified pmdua 10 to further VOF,-mediated 
oxidation did not provide any new compounds. 
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Two biogenetically patterned routes described herein rely on the 
natural conformational preferences of the glucose-bound galloyl 
esters to induce S stereochemistry upon HHDP formation and, 
hence, lend support to earlier speculation by Haslam2b and 
Schmidt" concerning the structural basis for stereochemical 
control in this transformation during biosynthesis-clearly, 
enzymic intervention is not an absolute requirement for (S)- 
HHDP formation. The origins of the regioselectivity seen in the 
cyclizations reported in eqs 1 and 2 remain a pressing unanswered 
question, although a molecular mechanics-based conformational 
study13 of a model tetrabenzoyl analog of 9 furnishes evidence 
which supports a simple proximity-based argument. Thus, 
'global" 13 energy minimum conformation 11 juxtaposes both 

Q 

the 0(4),0(6) and 0(2) ,0(3)  (but not the 0(3),0(4)) benzoyl 
units within reasonable bondingdistance, but the slightly shorter 
C-C gap between the 0(4) .0(6)  rings is consistent with 
preferential reaction at this site. 

Experimem1.l Section 

lnfrarcd(IR)spenra wcrcrccordcdonPcrkin-Elmcr281Band 1600 
FTinfrarcd rpenrophotomcicrs. Magnetic rcsonanccspenra ('H NMR. 
IJC NMR)  wcrc recorded on cithcr Brukcr ACE-200. WP.200, AM- 
300. or WM.360 spxtrophotometcrs. Chemical shifts are reponed in 
6 using tetramethylsilanc (TMS) as an internal standard for 'H N M R  
and chloroform or acetone as Ihc internal standard for "C NMR. Low-  
and high-rcsolulion mass spectra (MS. HRMS) wcrc obtained oncithcr 
a Kratos MS9/ 50 or MSZS hexapolc focusing mass spatromctcr. u h i k  
fast atom bombardmcnt mass spxtra (FABMS. HRFABMS) wcrc 
obraincdona Kratos MSJOhcrapolc focusing marsspctromclcr. Liquid 
(flash) chromatograph) wascamedout using 32-63-pmrilica gcl (Walm- 
Phanna)andthcindicatcdrolvcnt. Anal)tical thin-layerchramatogrphy 
*as performed using p r c ~ a t c d  silica gcl (60 F A  plates (E. Mcrck). 
Ether (Et~OJ,tctrahydrsfuran (THF).and knzenc(PhH) wcrcpurificd 
by distillation from sodium/benzophcnonc under nitrogen, whilc mcth- 
ylcncchlo~dc(CH,CI~) wasdistilledfromCaHlundcrnitrogen. Moisture 

(13) Molecular mechanics Calculations were performed using Macro- 
modei3. I x  an a Silicon Graphirs 4D25G wmputer. A directed Monte Carlo 
scareh algorithm uith 2000 initial steps uas used 10 explore conformational 
spce a b u t  all cr0c)clic rotatable bonds. Approximatel) 50 unique wnfor- 
maims were found within I 5 kcallmol of 11. which irrcll was identified In 
I2  out olthe 2WO min im idmi .  The louest rncrg) s lructure~ hich appeared 
aligned togive 311 R rather than an S bmhcnjl al,ODkOInCr warapproiimalely 
0 5 keal/mol more strained than II 
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sensitive reactions were carried out in predried glassware under an inert 
atmosphere of Ar. 

Modified Steglichg Esteriflcntion Reactk General Procedure A. A 
solutionoftheappropriatepolyol(l.Oequiv),acid(l.l equivper hydroxyl), 
4-(dimethy1amino)pyridine (DMAP) (0.50 equiv per polyol), DMAP-HCl 
(0.50 quiv  per polyol), and 1,3-dicyclohexylcarbiimide (DCC) (1.1 
equiv per hydroxyl) in dry CH2C12 (0.10 M in polyol) was purged with 
Ar and heated at reflux under Ar for 16-20 h. The solution was allowed 
to cool to room temperature, diluted with an equal volume of EtzO, filtered 
through a plug of silica gel, and concentrated in vacuo. The residue was 
purified by flash column chromatography with the indicated eluent to 
furnish the desired esters. 
SUyl Ether Deprotection Reaction: General Procedure B. A solution 

of the appropriate tert-butyldimethylsilyl-protected glucose derivative 
(1 .O equiv) in dry THF (0.080 M) was added to a cooled (0 "C) solution 
of tetrabutylammonium fluoride (1.2 quiv per silyl group) in dry THF 
(0.040 M final concentration of glucose derivative). The solution was 
stirred under Ar for 20 min at 0 OC and 3 4  h at room temperature. The 
solution was partitioned between 1 M H3PO4 and EtOAc, washed with 
brine, dried (NazSOd), and concentrated in vacuo. The residue was 
purified by flash column chromatography using the indicated eluent to 
furnish the desired phenols. 

Benzyl 4 , a ~ B e n z y l i d e a e - 5 l b i s ( 3 , 4 ~ ~ ( b e n z y l o x y ) ~ ~ o y l ) - ~ - ~ -  
glucopyranoside. By use of general procedure A, benzyl 4,6-0-benz- 
ylidene-8-D-glucopyranoside8 (2) (2.1 g, 5.9 mmol) and 3,4,5-tris- 
(benzy1oxy)benzoic acid (5.9 g, 13 mmol, 2.3 quiv) were coupled to 
afford 6.3 g (89%) of benzyl 4,6-0-benzylidene-2,3-bis(3,4,5-fris- 
(benzyloxy)benzoyl)-8-pglucopyranoside as a light yellow solid foam 
following flash column chromatography using 33% hexane in CH2Cl2, 
and then CHzCl2, as the eluent: IR (CC4) 1733 cm-1; 'H NMR (200 
MHz, CDCl3) 6 7.40-7.17 (m, 44 H), 5.69 (t, J = 9.3 Hz, 1 H), 5.55 
(s, 1 H), 5.52 (t, J = 9.3 Hz, 1 H), 5.08 (s, 2 H), 5.06 (s, 4 H), 5.03 (s, 
6 H), 4.91 (d, J = 12.5 Hz, 1 H), 4.81 (d, J = 7.6 Hz, 1 H), 4.65 (d, 
J = 12.4 Hz, 1 H), 4.47 (dd, J = 10.6, 4.6 Hz, 1 H), 3.97-3.87 (m, 2 

164.8, 152.4, 142.6, 137.3, 136.7, 136.5, 136.4, 129.0, 128.40, 128.37, 
128.32, 128.1 2, 128.07, 128.05, 127.91, 127.87, 127.82, 127.76, 127.7 1, 
127.5, 126.1, 124.4, 124.2, 109.2, 101.4, 100.0, 78.7, 75.0, 72.6, 72.3, 
71.1, 70.8, 68.6, 66.6; MS (+FAB) 1203 (MH+, 50). 

B e a z y l 5 3 - ~ ( 3 4 , S - M s ( b e n z r i ~ ~ ~ ~ ) - 8 - D g t u c  (3). 
A solution of benzyl 4,6-0-benzylidene-2,3-bis(3,4,5-tris(benzyloxy)- 
benzoyl)-jh-glucopyranoside (2.0 g, 1.7 mmol) and iodine (0.42 g, 1.7 
mmol, 1.0 equiv) in 17 mL of dry CH3OH and 17 mL of dry CH2C12 
was heated at reflux under Ar for 40 h. The solution was cooled, diluted 
with 50 mL of EtOAc, washed with saturated Na2S203 solution and 
brine, dried (NazSO,), and concentrated in vacuo to yield 1.9 g (100%) 
of benzyl 2,3-bis( 3,4,5-tris( benzy1oxy)benzoyl)-8-D-glucopyranoside (3) 
as a white solid foam: IR (CHCl3) 3608-3380, 1725 cm-1; 'H NMR 
(300 MHz, CDCI3) 6 7.42-7.15 (m, 39 H), 5.48 (t, J = 8.9 Hz, 1 H), 
5.21 (t, J = 9.4 Hz, 1 H), 5.07 (9, 2 H), 5.05 (s, 6 H), 5.00-4.84 (m, 3 
H), 4.93 (d, J = 8.8 Hz, 2 H), 4.86 (d, J = 12.5 Hz, 1 H), 4.73 (d, J 
= 8.0 Hz, 1 H), 4.66 (d, J = 12.7 Hz, 1 H), 4.03-3.86 (m, 2 H), 3.66 
(bs, 1 H), 3.57-3.52 (m, 1 H), 2.23 (bs, 1 H); 13C NMR (75 MHz, 
CDCl3) 6 167.6, 164.9, 152.5, 142.9, 142.8, 137.3, 136.8, 136.4, 128.5, 
128.43, 128.35, 128.1, 128.01, 127.97, 127.88, 127.79, 127.55, 127.49, 
124.2, 123.6, 109.2, 99.3, 78.3, 75.9, 75.1, 71.5, 71.1, 71.0, 70.9, 70.1, 
62.3;MS(+FAB) 1115S(MH+,53);HRFABMScalcd forC69H63014 
(MH+) 1115.4218, found 1115.3968. 

dioxy)benzoyl)-~3-bis(3,4,5.tris(beazyloxy)be~oy~)-~-~~ucop~no- 
side. By use of general procedure A, benzyl 2,3-bis(3,4,5-tris(benzyloxy)- 
benzoyl)-&D-glucopyranoside (3) (1.8 g, 1.6 mmol) and 3-(tert- 
butyldimethylsiloxy)-4,5-((diphenylmethylene)dioxy)benzoic acid6 (4) 
(1.6 g, 3.6 mmol, 2.2 equiv) were coupled to afford 3.1 g (98%) of benzyl 
4,6-bis(3-(~ert-butyIdimethylsiloxy)-4,5-((diphenylmethylene)dioxy)- 
benzoyl)-2,3- bis(3,4,5-tris( benzy1oxy)benzoyl)-@-D-glucopyranoside as a 
whitesolid foam following flash column chromatography using 10% hexane 
in CHzClz as the eluent: IR (CDCl3) 1729 cm-'; 'H NMR (300 MHz, 
CDCI3) 6 7.59-7.09 (m, 63 H), 5.74 (t, J = 9.6 Hz, 1 H). 5.55 (t, J = 
9.7 Hz, 1 H), 5.54 ( t , J  = 8.8 Hz, 1 H), 5.07 (s,2 H), 5.04 (s, 2 H), 5.03 
(9, 2 H), 4.98 (8, 4 H), 4.96 (s, 2 H), 4.89 (d, J = 12.4 Hz, 1 H), 4.77 
(d, J = 7.9 Hz, 1 H), 4.66 (d, J = 12.5 Hz, 1 H), 4.62 (d, J = 11.0 Hz, 
1 H), 4.36 (dd, J = 12.1,6.2 Hz, 1 H), 4.04 (m, 1 H), 0.99 (s,9 H), 0.96 

164.8,164.5,152.5,152.4,148.6,142.7,142.6,142.0,141.7,139.8,139.6, 
138.6,138.5,137.5,137.4,136.5,136.4,129.2,128.5,128.4,128.3,128.15, 

H), 3.70 (dd,J = 9.4,4.4 Hz, 1 H); "C NMR (90 MHz, CDCl3) 6 165.2, 

Benzyl 49CBis(3-( ~ e r t - b u t r ~ t h y ~ ~ y ) - 4 5 - ( ( d i ~ y ~ t h y ~ ~ ) -  

(s, 9 H), 0.19 (~,6H),0.12 (s,6H); "CNMR (75 MHz, CDC13) 6 165.5, 
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128.08,128.05,127.98,127.9,127.8,127.65,127.57,126.2,124.4,124.0, 
123.6,122.5,119.0,118.8,109.3,109.1,104.11,104.05,98.9,75.1,75.0, 
73.3, 72.6, 72.2, 71.2, 71.1,70.3,69.3,63.0,25.5, 18.3, 18.2,4.5,-4.6; 
MS (+FAB) 1976.5 (MH+, 10). 

2,3-bis(3,4,5-Ms(benzyloxy)benzoyl)-~-~glucop~ide (5). By use 
of general procedure B, benzyl 4,6-bis(3-(ter~-butyldimethylsiloxy)-4,5- 
((diphenylmethylene)dioxy)benzoyl)-2,3-bis( 3,4,5-tris(benzyloxy)- 
benzoyl)-@-D-glucopyranoside (1.3 g, 0.70 mmol) wasdesilylated to afford 
0.99 g (81%) of benzyl 4,6-bis(3,4-((diphenylmethylene)dioxy)-5-hy- 
droxybenzoyl)-2,3-bis( 3,4,5-(tris( bmzyloxy)benzoyl)-~-D-glucopyrano- 
side (5) as a white solid foam following flash column chromatography 
using 4% Et20 in CH2C12 as the eluent: IR (CHCl3) 3575,1728 cm-I; 
IH NMR (300 MHz, CDCl3) 6 7.56-7.08 (m, 63 H), 5.88 (bs, 1 H), 5.80 
(bs, 1 H), 5.74 (t, J = 9.2 Hz, 1 H), 5.57 (m, 2 H), 5.07 (s, 2 H), 5.00 
(s, 4 H), 4.96 (s, 6 H), 4.86 (d, J = 12.7 Hz, 1 H), 4.78 (d, J = 7.8 Hz, 
1 H), 4.64 (d, J = 12.7 Hz, 1 H), 4.59 (d, J = 15.5 Hz, 1 H), 4.38 (dd, 
J = 12.1, 5.1 Hz, 1 H), 4.00 (m, 1 H); 13C NMR (75 MHz, CDCl3) 6 
165.8, 164.8, 164.6, 152.4, 152.3, 148.31, 148.27, 142.7, 142.6, 139.4, 
139.2,139.1,138.7,138.5,137.3,137.2,136.4,129.2,128.4,128.3,128.2, 
128.1, 128.0, 127.9, 127.8, 127.7, 127.54, 127.48, 126.2, 126.1, 124.2, 
123.7,123.4,122.6,118.7,114.4,114.3,109.2,109.1,103.4,99.1,75.02, 
74.98, 73.4, 72.2, 72.1, 71.0, 70.9, 70.4, 69.5, 63.0; MS (+FAB) 1747 
(MH+, 14). 
TeKmagrandh I (1). A solution of lead tetraacetate (84 mg, 0.19 

mmol, 1.1 equiv) in 4 mL of dry CH2CI2 was added dropwise over 20 min 
to a cooled (0 "C) solution of benzyl 4,6-bis(3,4-((diphenylmethylene)- 
dioxy)-5-hydroxybenzoyl)-2,3-bis( 3,4,5-tris(benzyloxy)benzoyl)-~-~- 
glucopyranoside (5) (300 mg, 0.17 m o l )  and pyridine ( 5 5  wL, 0.68 
mmol, 4.0 equiv) in 20 mL of dry CHzClZ. The orange solution was 
stirred at 0 OC for 30 min, quenched by the addition of 30 mL of saturated 
NaHCO3 solution, and extracted with 50 mL of EtzO. The organic layer 
was washed with 1 M HsPOdand brine, dried (NazSO,), and concentrated 
in vacuo. Purification of the residue on silica gel using 2% Et20 in CHI- 
Clz, followed by 4% Et20 in CHzCIz, as the eluent afforded 215 mg 
(73%) of a mixture of four isomers of the 4,6 oxidatively coupled glucose 
derivative 6 as a yellow solid. A solution of this mixture of isomers 6 (215 
mg, 0.12 mmol) and 10% Pd/C (120 mg) in 10 mL of dry THF was 
purged six times with Hz. The mixture was stirred at room temperature 
under 1 atm of H2 for 48 h, purged thoroughly with Ar, filtered through 
Celite, and concentrated in vacuo. 'H NMRanalysis revealed only partial 
deprotection so the crude residue was resubmitted to reaction conditions 
as described above for an additional 20 h. The resultant solid was washed 
thoroughly with hexane and Et20 to extract diphenylmethane and dried 
in vacuo to yield 77 mg (82%) of tellimagrandin I' (1) (2.4:l mixture of 
a:@ anomers) as a tan/gray solid: IR (KBr) 3650-3000, 1705, 1702 

7.05 (s, 2 H), 6.98 (s, 2 H), 6.94 (s, 2 H), 6.65 (s, 1 H), 6.64 (s, 1 H), 
6.45 (s, 1 H), 6.43 (s, 1 H), 5.89 (t, J = 10.0 Hz, 1 H), 5.62 (t, J = 9.8 
Hz, 1 H), 5.57 (d, J =  3.6 Hz, 1 H), 5.35-5.21 (m, 3 H), 5.15-5.07 (m, 
4 H), 4.67 (dd, J = 9.8, 6.1 Hz, 1 H), 4.27 (dd, J = 9.6, 6.1 Hz, 1 H), 
3.85 (d, J = 12.7 Hz, 1 H), 3.77 (d, J = 13.0 Hz, 1 H); I3C NMR (75 
MHz, C3D60) 6 168.2, 167.6, 166.4, 166.3, 166.1, 165.5, 146.0, 145.7, 
145.2, 145.1, 144.64, 144.59, 139.2, 139.0, 138.9, 136.5, 126.6, 126.1, 
121.2, 120.9, 120.8, 115.8, 115.5, 110.1, 108.1, 107.7, 96.8, 91.3, 74.2, 
73.5,73.0,72.1,71.12,71.06,67.3,63.5,55.4;MS(+FAB) 787.3 (MH+, 
100); HRFABMS calcd for C34H76022 786.0916, found 786.1 161; CD 
(CH3OH) 239 nm, +29.5,262 nm, -29.5,287 nm, +20.0. 

Benzyl 2,3,4,6-Tetrakis(3- (~ert-butyldimethyislloxy-4,5-( (diphenyl- 
m e t h y l e w ) d i o x y ) b e ~ y l ) - ~ - D - g l ~ o ~ ~ d e .  By use of general pro- 
cedure A, benzyl &Dglucopyranoside (7) (0.1 7 g. 0.63 mmol) and 3-(tert- 
butyldimethylsiloxy)-4,5-( (diphenylmethy1ene)dioxy)benzoic acid (4) ( 1.2 
g, 2.8 mmol, 4.4 quiv) were coupled to afford 1.2 g (96%) of benzyl 
2,3.4,6-tetrakis(3-(tert-butyldimethylsiloxy)-4,5-((diphenylmethylene)- 
dioxy)benzoyl)-@-D-glucopyranoside as a white solid foam following flash 
column chromatography using 25% Et20 in hexane as the eluent: IR 
(CHCl3) 1728 cm-I; IH NMR (300 MHz, CDCI3) 6 7.60-7.01 (m, 53 
H), 5.69 (t, J = 9.7 Hz, 1 H), 5.47 (t, J = 9.7 Hz, 1 H), 5.46 (t, J 
= 8.8 Hz, 1 H), 4.85 (d, J = 12.2 Hz, 1 H), 4.69 (d, J = 7.9 Hz, 1 H), 
4.63 (d, J = 12.6 Hz, 1 H), 4.57 (d, J = 12.1 Hz, 1 H), 4.31 (dd, J = 
12.2, 6.4 Hz, 1 H), 3.97 (m, 1 H), 1.00 (8, 9 H), 0.98 (8, 9 H), 0.96 (a, 
9 H), 0.92 (8, 9 H), 0.20 (s, 6 H), 0.13 (9, 6 H), 0.10 (s,6 H), 0.04 (8, 
6 H); "C NMR (75 MHz, CDCl3) 6 165.4,164.9,164.4, 164.3,148.54, 
148.45, 148.33, 148.29, 141.9, 141.61, 141.58, 139.90, 139.86, 139.83, 
139.76,139.71,139.68,138.6,138.44,138.39,138.3,136.4,129.2,129.0, 
128.3, 128.24, 128.21, 128.17, 127.9, 127.8, 126.2, 126.1, 123.7, 123.2, 

Benzyl 4 a B i s ( 3 , e ( ( a r p h e n y ~ t h y I ~ ) d i 0 ~ ) - S - h y ~ 0 ~ ~ ~ ~ 1 ) -  

cm-I; 'H NMR (300 MHz, C3D60) 6 8.00-7.40 (bs, 6 H), 7.06 (s, 2 H), 
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122.7,122.5,119.0,118.9,118.82,118.76,118.10,117.99,117.91,104.22, 
104.16,104.10,104.0,98.9,72.6,7~.7,70.2,69.3,63.0,25.5,18.3,18.22, 
18.19, 18.16,-4.5,-4.56, -4.63, -4.7; MS (+FAB) 1992.3 (MH+, 10). 

Benzyl 2,3,4,IGTetnkis(3,4-((dipbeny~tl1yiene)dioxy)-5-hydrf~xy- 
benzoyl)-8-D.glucopynaoside (8). By use of general procedure B, benzyl 
2,3,4,6-tetrakis( 3 4  rert-butyldimethylsiloxy)-4,5-( (diphenylmethylene) 
dioxy)benzoyl)-@-D-glucopyranoside (1.4 g, 0.70 mmol) was desilylated 
to afford 1 .O g (94%) of benzyl 2,3,4,6-tetrakis(3,4-((diphenylmethylene)- 
dioxy)-5-hydroxybenzoyl)-~-~-glucopyranoide (8) as a white solid foam 
following flash column chromatography using 50% hexane in EtOAc as 
the eluent: IR (CHCI3) 3575-3100, 1725 cm-1; 1H NMR (200 MHz, 
CDCI,) 6 7.56-6.94 (m, 53 H), 6.55 (bs, 1 H), 6.38 (bs, 2 H), 5.63-5.41 
(m, 3 H), 4.794.62 (m, 2 H), 4.574.47 (m, 2 H), 4.384.26 (m, 1 H), 
3.963.90 (m, 1 H); NMR (75 MHz, CDCl3) 6 166.1,165.9, 165.1, 
164.9, 148.4, 139.4, 139.3, 139.0, 138.9, 138.8, 138.63, 138.58, 136.2, 
129.2, 128.2, 127.7, 126.2, 123.3, 122.9, 122.2, 122.1, 118.73, 118.67, 
118.62,118.57, 114.2, 103.5,99.1,73.2,72.0,71.9,70.6,69.7,63.2; MS 
(+FAB) 1535.3 (MH+, 100). 

Methyl 2,3,4,~Tetrakis(3,4,5-trimethoxybenzoyl)-a-~glucopyrano- 
sidel' (9). By use of general procedure A, methyl a-D-glucopyranoside 
(0.50 g, 2.6 mmol) and 3,4,5-trimethoxybenzoic acid (2.4 g, 11 mmol, 
4.4 equiv) were coupled to afford 1.9 g (77%) of methyl 2,3,4,6-tetrakis- 
(3,4,5-trimethoxybe.nzoyl)-a-~-glucopyranoside (9)  as a white solid foam 
following flash column chromatography using Et20 as the eluent: IR 
(CHClp) 1724 cm-l; 'H NMR (300 MHz, CDC13) 6 7.34 (s, 2 H), 7.27 
(s, 2 H), 7.16 (s, 2 H), 7.1 1 (s, 2 H), 6.1 1 (t, J = 9.9 Hz, 1 H), 5.66 (t, 
J = 9.8 Hz, 1 H), 5.31 (d, J = 3.5 Hz, 1 H), 5.19 (dd, J = 10.2,3.5 Hz, 
lH),4.74(d,J=9.5Hz,l  H),4.44-4.4l(m,2H),3.914(~,3H),3.912 
(s,3H),3.90(~,6H),3.88 (~,6H),3.870(~,3H),3.867(~,3H),3.863 
(s, 3 H), 3.85 (s, 3 H), 3.82 (s, 6 H), 3.51 (s, 3 H); I3C NMR (90 MHz, 

142.1, 124.3, 123.7, 123.6, 123.5, 106.9, 106.7, 106.6,96.8, 72.1, 70.6, 
69.6,67.3,63.1,60.6,55.84,55.76,55.3; MS (+FAB) 970.3 (M+, 100); 
HRFABMS calcd for C47H~022 970.3106, found 970.3163. 

(14) Britton, G.; Crabtree, P. W.; Haslam, E.; Stangroom, J. E. J.  Chem. 
SOC. C 1966,783. 

CDCl3) 6 165.4,165.3,165.2,164.9,152.63,152.55,142.4,142.3,142.2, 
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Per-Omethyltellimagrnndin I (10). A solution of methyl 2,3,4,6- 
tetrakis(3,4,5-trimethoxybenmyl)-a-~-glucopyranoside (9) (0.20 g, 0.21 
mmol) in 4 mL of dry CHzClz was added dropwise over 30 min to a cooled 
(0 "C) solution of vanadium oxytrifluoride (0.21 g, 1.7 mmol, 8.0 equiv) 
in 38 mL of dry CH2C12 and 4.2 mL of trifluoroacctic acid. The solution 
was stirred at 0 'C under Ar for 3 h, quenched slowly by the addition 
of saturated NaHCO3 solution, and extracted with EtOAc. The organic 
layer was washed with brim, dried (NaZSOd), filtered through Celite, 
and concentrated in vacuo. Purification of the residue by flash column 
chromatography using 10% Et20 in CHzCl2 as the eluent afforded 116 
mg (57%) of per-Gmethyltellimagrandin I (IO) as a white solid foam: 
IR (CDC13) l816,1794,1749,1719~m-~; IH NMR (300 MHz, CDCl3) 
6 7.27 (s, 2 H), 7.19 (s, 2 H), 6.81 (s, 1 H), 6.66 (s, 1 H), 5.93 (t, J = 
10.0Hz,1H),5.33-5.25(m,3H),5.10(dd,J=9.9,3.8Hz,1 H),4.44 
(dd, J = 9.9, 6.3 Hz, 1 H), 3.93 (s, 6 H), 3.92 (s, 3 H), 3.89 (s, 6 H), 
3.86 (s, 6 H), 3.81 (s, 3 H), 3,76 (s, 6 H), 3.69 (s, 3 H), 3.68 (s, 3 H), 

153.1,152.9,152.8,152.3,144.6,144.1,142.5,142.4,128.4,127.7,124.0, 
123.9, 122.6, 122.2, 107.14, 107.06, 105.7, 105.5,97.5,72.9,71.1,70.2, 
66.7, 63.3, 61.0, 60.9, 60.8, 60.7, 56.1, 56.0, 55.9, 55.8; MS (+FAB) 
968.3 (M+, 100); CD (CH3OH) 229 nm, +24.3,247 nm, -9.0,276 nm, 
+14.5; HRFABMS calcd for C47Hs2022 968.2950, found 968.3076. 

3.44 (s, 3 H); I3C NMR (75 MHz, CDCl3) 6 167.7, 167.0, 165.8, 165.5, 
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