
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 23 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Carbohydrate Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713617200

Novel Synthetic Approaches to Manβ1-4GLCNAc and Lex Units from N-
Acetyllactosamine
Ken-ichi Satoa; Hiroshi Sekia; Akira Yoshitomoa; Hiroshi Nanaumia; Yoshimitsu Takaia; Yoshiharu
Ishidob

a Laboratory of Organic Chemistry, Faculty of Engineering, Kanagawa University, Yokohama, Japan b

Laboratory of Pharmaceutical Chemistry, School of Pharmacy, Tokyo University of Pharmacy and Life
Science, Tokyo, Japan

To cite this Article Sato, Ken-ichi , Seki, Hiroshi , Yoshitomo, Akira , Nanaumi, Hiroshi , Takai, Yoshimitsu and Ishido,
Yoshiharu(1998) 'Novel Synthetic Approaches to Manβ1-4GLCNAc and Lex Units from N-Acetyllactosamine', Journal of
Carbohydrate Chemistry, 17: 4, 703 — 727
To link to this Article: DOI: 10.1080/07328309808002347
URL: http://dx.doi.org/10.1080/07328309808002347

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713617200
http://dx.doi.org/10.1080/07328309808002347
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J .  CARBOHYDRATE CHEMISTRY, 17(4&5), 703-727 (1998) 

NO\'EL SYNTHETIC APPROACHES TO MANBI-4GLCNAc AND LeX 

UNITS FROM N-ACETYLLACTOSAMINE' 

Ken-ichi %to,* Hiroshi Seki, Akira Yoshitomo, Hiroshi Nanaumi, 
Yoshimitsu Takai and Yoshiharu Ishidot 

Laboratory of Organic Chemistry, Faculty of Engineering, Kanagawa Universit)., 
Rokkakubashi, Kanagawa-ku, Yokohama, Japan 221 

kaboratory of Pharmaceutical Chemistry, School of Pharmacy, 
Tokyo University of Pharmacy and Life Science, 

1432-1 Horinouchi, Hachioji, Tokyo, Japan 192-03 

Final Form February 24, 1998 

ABSTRACT 

Regioselective protection of A'-acetyllactosamine with triphenylmethyl (trityl) and 
pivaloyl groups afforded the corresponding 3, 2 ' ,  4'-tri- and 2',4'-dihydroxyl derivativcs 
in a few steps, respectively; these derivatives were used efficiently for the syntheses of the 
titlc compounds from A'-acetyllactosamine in 46% (7 steps) and 1Y% (8 steps) overall 
yiclds, respectively. 

INTRODUCTION 

A'-AcetyUactosamine (1 ,  GalP1-4GlcNAc) is one of the important components 
commonly occumng in oligosaccharides, and is biologically essential and of interest from 
thc mechanistic viewpoint of structural biology such as intermolecular recognition in living 
systems. Hitherto, 1\T-acetyllactosamine has been merely available by chemical synthesis 
from monosaccharides,' and from lactaL3 Recently, an efficient synthesis of 1 has been 

cstablishcd through the enzymatic trans-Bl)-gaIactopyranosylation from lactose to thc 4- 
position of 2-acctamido-2-deoxy-~-~-glucopyranose,~ and 1 is now easily availablc. 

Therefore, thc authors undertook the present investigation on the chemical syntheses of the 
titlc oligosaccharides by the use of 1 as the starting material, which was expected to show 
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704 SAT0 ET AL. 

unique rcgioselectivity on the introduction of protecting groups, and enable us to develop a 
novcl strategy in the synthesis of A'-acetyllactosamine-derived oligosaccharides. The 

results thus obtaincd will be described in full herein. 

RESULTS AND DISCUSSION 

Xegioselective Protection of .;lllyl O-(/~-~-(;aluctopyranosyl)-(l-.4)-2-~cetarnido- 
2-deo.u~~-/~-I)-~lucop~~rano.side (4): Compound 1 was converted into 4, by way of 0-(2,3, 
4,6-tctra-O-acctyI-/~-I~-galactopyranosyl)- (1 - 4) -2-acetamido- 1,3,6-tri-0-acetyl-2-deoxy- 
rx-D-glucopyranosc (2) and the oxazolinc intermediate (3).j The resulting 4 was then 

subjected to rcgioselective triphenylmethy lation and pivaloy lation reactions under controlled 
conditions. (Figure 1) 

Triphenylmethylation of methyl B-D-galactopyranoside with the bis(tributy1tin) 
oxide [ (Bu3Sn)20] - triphenylmethyl chloride (TrC1) system has been reported by Ogawa d 

u1. to givc the corresponding 2,6-di-O-triphenylmethyl derivative in 72% yield. This 
approach was of interest to us in connection with triphenylmethylation of 4, which was 
thus treated with (Bu3Sn)zO (2.25 equiv) and TrCl (4.5 equiv) in toluene to give 6 ,3 ' ,6 ' -  
tri-0-triphenylmethyi derivative 5 and 6,2',6'-tri-O-triphenylmethyl derivative in 58 and 
14Gh yields (ca. 4: l), respectively. Their structures were confirmed by formation of the 
corresponding 3,2',3'-triacetate 6 and 3,3',4'-triacetate in quantitative yields on acetylation 
in the usual manner. The formation of 5 likely reflects the steric effect of 2-acetamido-2- 
dcosy-I)-glucopyranos-4-yl moiety on the 2I-position of 4. 

In view of the bulkiness of the pivaloyl group, moreover, regioselective 
pi\ aloylation of 4 was performed by treatment with (BujSn)2O (5.0 equiv) and pivaloyl 
chloride (7.0 equiv) in 1:l acetonitrile-benzene, to give the corresponding 6,3',6'-tri-O- 

pivaloyl derivative 7 in 56% yield as the main product along with three by-products. The 
more polar by-product (based on 7)  seems to be di-0-pivaloyl derivative and two less polar 
products seem to be tri- and tetm-O-pivaloyl products. 1H NMR data of one of the less 
polar products is identical with that of 3,6,3',6'-tetra-O-pivaIoyl derivative 8.  The ratio 
of the by-products was ca. 1:1:3 in order of the polarity (less - more) on TLC. On the 

other hand, it was interesting to have found that pivaloylation of 4 with pivaloyl chloride 
(5.0 cquiv) in a mixture of dichloromethane - pyridine at 0 "C gave 8 in 60% yield. 
Compound 8 was also expected to be one of the most useful intermediates for the synthesis 
of Man/jl-4GlcNAc unit 10 in view of the efficient chemical conversion of B D -  

galactopyranosides 2,4-bis(triflate) into the corresponding /j-D-mannopyranosides by way 
of simultaneous invcrsion reactions at both the 2- and 4- p o s i t i ~ n s . ~  
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MANP1-4GlcNAc AND Le" UNITS 705 
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4 R = R I = R ? = H  
j R =Tr. R1 = R2 = H 
6 R = Tr, R1= R2 = Ac 
7 R = P i v ,  R1= R ? = H  
8 R = R, = Piv, R?= H 
9 R = R1 = Piv, R2 = Tf 

OH 'OH 

11 

M e F B ; c O N H P h  

O B P n  

16 

Ac : acetyl 

Bn : benzyl 
Piv : pivaloyl 
Tf : trifluoromethanesulfc,n!il 
Troc : 2,2,2-trichloroethos~c~rbonyI 

All : ally1 

Figure 1 

Similar to 4, the bis(tributy1tin) oxide-mediated regioselective pivaloylation reaction 
of the corresponding benzyl SD-lactosaminide 1 1  resulted in the formation of 6,3'.6'-tri- 
0-pivaloyl derivative 12 in 73% yield. Compound 12, on treatment Mvith 3.3,3- 
trichloroethoxycarbonyl chloride (TrocC1) in dichloromethane - pyridine at 0 'C, gac e thc 

corresponding 3-0-Troc denvathe 13 in 70% yield. Compound 13 obtained here is a 

potential candidatc as the substrate for the 3-O-~fucopyranosylation reaction to give the 
L c X  unit .  
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706 SAT0 ET AL. 

Incidentally, the above experiments provided us with insight into the reactivity 
order of the secondary hydroxyl groups of 4 as 3'-OH > 3-OH > 2'-OH, 4'-OH, although 
that reported for those of BD-lactoside derivative in a benzoylation reaction was 3'-OH > 2- 
OH > 2'-OH, 4'-OH > 3-OH.X Moreovcr, thesc products, bearing frcc hydroxyl groups 
at 2'- and 4'- or 3-, 2 ' - ,  and 4'- positions are potcntially practical material for the synthesis 
of ManBl-4GlcNAc and Le" units, respectively. 

E'cient Chemical Conversion of I into MunP1-4GlcNllc: In v i m  of the 

occurrence of a SD-mannopyranosidic structure in tumor-associated oligosaccharides,g 
construction of the BD-mannopyranosidic linkage at the 4-position of 2-acetamido-2- 
dcoxy-D-glucopyranose (GlcNAc) has been investigated through a variety of multi-step 
methodologies involving oxidation-reduction,lo-l9 intramolecular aglycon delivery,2u-25 
s ~ 2  reaction at C-2-p0sition,~"-"~ direct glycosylation by the use of mannosy1 halide,3o 
mannosy1 su1foxidc,~1 or mannosy1 I ,2-0-stannylene acetaI,32 and glycosidase-catalyzed 

tion.i3,34 Further elaboration of this construction is now feasible o n  the 
basis of our prcscnt results. 

On the other hand, the formation of 8 in the regioselectivc pivaloylation as 
dcscribcd above prompted us to explore its possibility in chemical conversion of its 4 -0 -8  
I)-galactopyranosyl moiety into the Pl,-mannopyranosidc structure by the simultancous 

Ss? reaction at both the 2 '-  and 4'-positions. This strategy starting from 1 scems to 
provide us an alternative efficient s)mthetic approach to ManSl-4GlcNAc. 

Compound 8 ~ ' a s  first converted into the corresponding 2',4'-bis(triflatc) 
quantitatively bl, treatment with trifluoromethanesulfonic anhydridc (2.1 equiv) in the 
presence of pjridine in dichloromethanc at 0 "C. Compound 9 was then subjected to the 
simultaneous nuclcophilic substitution reaction at both 2 '-  and 4'- positions with ccsium 
acetate or  tetrabuty\ammonium acetate; the results thus obtained arc summarized in Table 1. 
Among the reactions as seen from Entry 1, cesium acetate (6.0 equiv) gavc ally1 0- (2,4-di- 
0-acety l-3. h-di-O-pjvaIoyl-/~-I>-mannopyranosyl)-( 1 -+ 4)-2-acetamido-2-deox~-3, 6-di-0- 
pivalo!,l-/l-l>-glucop~,ranoside (1 0) (93% yield) when the reaction was conducted in 

combination M3h 18-croum-h (6.0 equiv) in toluene3j under reflux for 1 h.  Moreover, it 
was of intcrcst that ultrasound irradiation by the usc of an ordinary sonicator (rcaction 
timc: 12 h )  facilitatcd thc rcaction to give a competitive yield of 10 (92%) even at room 

tcmpcraturc (Entry 2) .  A compirativc experiment using tctra-butylammonium acctatc2' "as 

confirmcd to givc 10 in 43% yicld (Entrj, 7). 

The efficiency of the ultrasound irradiation observed in the chemical convcrsion of 
9 into 10 (Entry 2 in Table 1) led us to investigate the potential effect of protecting groups 
o n  the neighboring hydroxyl groups at the 3- and 6- positions by the use o f  benzyl 
3.6-di-0-allyl- (22), -pivaloyl- (23), -benzyl- (24), and -diyloxycarbonyl- (25) P-U- 
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MANPI-4GlcNAc AND Le” UNITS 707 

9 10 

Table 1. Effects of reaction conditions on Sh2 reaction of 9 into 10 a 

Entry Acetate Additive Solvent Temp Time (h) Yield (%) 
~ 

1 CsOAc 18-crown-6 
2 CsOAc 18-crown-6 
3 CsOAc 18-crown-h 
4 CsOAc 18-crown-6 
5 CsOAc 
6 CsOAc 

- 
- 

7 n-Bu4NOAc - 

Toluene reflux 
Toluene r tb  
DMF rt 
DMSO rt 
DMF rt 
DMSO rt 
Toluene rt 

~ 

1 93 
12 92 
1 0  59 
I 0  62 
24 3 6 
24 39 
24 43 

a. Thc rcaction was carried out under following conditions : 9 0.13 - 0.16 mmol ; 
Acctatc 5.6 - 6.3 equiv : Additive 5.7 - 6.0 equiv ; Solvent 5.0 - 6.0 mL. 

b. Under ultrasonication in a water bath. 

galactopyranosidcs 2,4-his(triflates) (Scheme 1) toward the S$ reaction with cesium 
acetate; the rcsults thus obtained are summarized in Table 2. The prc;tcction with acj.1 
groups (Entry 2,4), in contrast with that with ether-type groups (Entry l J ) ,  is likely to 

accelerate the S N ~  reaction judging from the yields of the resulting 2,4-diacetatcs 26 (69% 
yicld), 27 (88% yield), 28 (62% yield), and 29 (89% yield). In particular, thc reactions 
of 22 and 24 were not completed after 12 h judging from their TLC, and thus thcy wcrc 
further continued under reflux for another 12 h.  Monitoring these reactions by TLC 
demonstratcd the practical advantagc of ultrasound irradiation over convcntional rcflus 
conditions giving rise to a rather neat profile on TLC. 

L’$vgtfze.sis of a Tumor .Js.sociuted .-ln?igen Lewis X (LL?): Thc Lc” unit 
{ Gal/Y 1+4)[ Fuctx( 1 +3)]GlcNAc} has bccn wcll known as a prominent tumor-associatcd 

antigen3h and an interesting target in synthetic carbohydrate c h c m i ~ t r ) ~ . - ? ~ ” ~ )  
Compound 13, which was obtained by the reaction of 12 with TrocCI, v’as 

converted into the corresponding 2’,4‘-diacetate by trcatment with acetic anhydridc in 
pyridine in the usual manncr, and the diacetate was then trcatcd with zinc powder in 
aqueous acctic acid to give benzyl O-(2,4-di-O-acetyl-3,6-di-O-pivaloyl-/f-I~-~alacto- 
pyranosy1)-( l~4)-2-acctamido-2-deoxy-6-~~-pivalo~l-~~-~~-glucopyranosidc (1 4 )  in 96% 

ovcrall yield from 13. In the present study, for thc first timc, 3-O-L-fucopyranosylation o f  
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708 SAT0 ET AL. 

OH ( l3uJn)zO OH 

HO OBn D RO OBn 

1 oluenc o r  CHICN 

RBr or RCI 
OH reflux o r  rt OH 

17 18 R = A l l  )'. 72% 
19 R = Piv y. 86% 
20 R =  Bn )'. 76% 
21 R = C02AIl y. 81% 

OTf 

D 
OBn 

Tf20, 1 ' ~  / CHzClz 
RO 18 - 21 

-19 "C,  rt 

OTf 

22 R = A l l  y. quant. 

21 R = B n  y. quant. 
25 R = C02All Y. quanta 

23 R = Piv y, 98% 

Scheme 1 

OTf CsOAc OR OAc 
18-Crown-h w A C O ~  

RO % OBn Toluene RO OBn 

OTf 

22 - 25 26 - 29 

Table 2. Simultaneous S N ~  reactions of 2,4-bis(triflates) 22 - 25 into 26 - 2Ya 

Entry Substrate Temp Time (h) Product Yield (%) 

1 22 R = A l l  rt--,reflus 24b 26 69 
2 23 R = Piv rt 12c 27 88 

4 25 R =  COzAII rt 12 29 89 
3 21 R = B n  rt -+reflux 24: 28 62 

a. Thc reaction was carried out under following conditic?ns : Substrate 0.16 - 1.35 
mmol ; CsOAc 2.8 - 3.0 equiv ; 18-crown-6 2.8 - 3.2 equiv ; toluene 
10 - 20mL. 

h. Under ultrasonication in a water bath for 12 h, then reflux for 12 h. 
c. Undcr ultrasonication in a water bath. 
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MANP1-4GlcNAc AND LeX UNITS 709 

14 was performed by the use of 2,3,4-tri-U-benzyl-l-~-(phenylcarbamoyl)-~L-fuco- 
pyranose (16; a/B = 1:3; 1.2 equiv) in the presence of trimethylsilyl trifluoromethane- 
sulfonate (TMSOTf) in dichloromethane at 0 "C. The glycosylation of 14 with 16 is 

mcchanistically characterized by the concomitant formation of 15 and N-phenylcarbamic 
acid, lattcr of which is easily dccornposed into carbon dioxide and aniline; the aniline thus 
formcd rcacts with the acidic catalyst and loses its nucleophilicity by the formation of 
anilinium triflatc.52a This is in contrast with the reaction of an alcohol with a 1-0- 
phcnyloxycarbonyl sugar dcrivativc as a glycosylating agent, which gives a phenyl 
glycosidc as thc by-product in addition to an objective alkyl glycoside.jl9 52b This 
approach was found to givc the 3-0-(2,3,4-tri-0-benyl-u-l-fucopyranosyl) derivative of 
14 (15) in 58% yield, as expected.j3 Although formation of the corresponding B-L- 

fucopyranosyl derivative was deduced viu TLC of the resulting mixture, another smaller 
product spot with higher polarity but very close to that from 15, was observed. However, 
separation of the minor product in pure form from 15 was impossible in spite of repeated 
chromatography. 

EXPERIMENTAL 

General Methods. All melting points were determined using a Yanagimoto 
apparatus and are uncorrected. Solvents wcre evaporated under reduced pressure at a bath 
tcmpcraturc not cxcceding 40 "C. Optical rotations were measured in a 0.5 dm tube with a 
JASCO DIP-140 polarimeter. H NMR spectra were recorded in chloroform-d unless 
othcmise statcd, with a JEOL FX-200, JEOL EX-270, or JEOL A-500 spectrometer. IR 
spectra wcrc recorded with a Hitachi 270-30 spectrometer. Elemental analyses were 

pcrformcd on a Perkin-Elmer 240C or 2400 I1 elemental analyzer. The chemical shifts, 
coupling constants, and IR frequencies were recorded in 6, Hz, and cm-1 units, 

respcctively. Column chromatography was performed on silica gel (Silica gel 60, 70 - 230 
mesh, Merck) unless othewise stated. Thin-layer chromatography (TLC) on silica gel 
(Silica gel 60F254, Merck) was used to monitor the reactions and to certify the purity of the 
reaction products. 

0-(2,3,4,6-Tetra-0-acetyl-~-I)-galactopyranosyl)- (1 - 4) -2-acetam- 
id o -1,3,6 - t r i - 0 - a  ce t y 1-2 - d eoxy - a- I) -gl uco py ran 0 s  e (2) .  A mixture of 1 (500 

mg, 1.31 mmol), acetic anhydride (6.0 mL) , and 4-dimethylaminopyridine (30 mg) in 
pyridine (8.0 mL), was stirred at room temperature for 18 h. The reaction mixture was 
diluted with chloroform, washed with water, dried over anhydrous magnesium sulfate, 
filtered, and concentrated to give a residue, which was purified on a column of silica gel 
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710 SAT0 ET AL. 

(Wakogel C-300) with hexane/ethyl acetate (1:3 v/v) to afford 2 (861 mg, 97%): mp 222 - 
223 "C (ethanol-hexane); IR 1758 cm-1 (C=O), 1677 cm-1 (amido); [ajDZ6 + 62 * (c 1.2, 
CHC13); IH NMR (FX-200) b 6.10 (d, IH, . II ,  2 = 3.7 Hz, H-I), 5.69 (d, lH,  J 2 ,  NH 
= 9.3 Hz, NH), 5.36 (d, 1H, J3 ' ,  4' = 3.7 Hz, ./41, 5 '  = 0 Hz, H-4'), 5.23 (dd, l H ,  ./2. 3 

= 11.5 Hz,.13, 4= 9.3 Hz, H-3), 5.13 (dd, IH,.J11, 2' = 7.8 Hz, J ~ I ,  3' = 10.5 Hz, H- 

2 ' ) ,  4.97 (dd, l H ,  H-3'), 4.53 (d, lH,  H-l ' ) ,  4.38 (ddd, lH,  H-2), 4.44-4.04 (m, 4H, 
H-ha, H-6b, H-6'a, H-h'b), 3.93-3.87 (m, 3H, H-3, H-5, H-57, 2.19, 2.16, 2.12, 2.10, 
2.07, 1.97, 1.94 (each s, 7 x 3H, 7 x OAc), 1 3 4  (s,  3H, NAc). 

Anal. Calcd for C28H39NO18: C, 49.63; H, 5.80; N, 2.07. Found: C, 49.46; H, 
5.78; N,  1.96. 

0 - ( 2,3,4,6 - T e t r a - 0 -ace t y I - p- I) - ga I act o p y ran 0s y I) - ( 1 -, 4) - 2 -met h y I - 
(3,6 - d i - 0 - a  c e t y I - 1,2 -d id e ox y -a- 1) -g I uco py ra n 0) - [2,1 -dl - 2 -ox azo I i n e (3 ) . 
To a solution of 2 (1.34 g,  1.98 mmol) in 1,2-dichloroethane (23 mL), trimethylsilyl 
trifluoromethanesulfonate (0.40 mL) was added at 0 "C, and kept at 50 "C for 5 h. The 
reaction mixture was neutralized with triethylamine at room temperature and concentrated to 
give a residue, which was purified on a column of silica gel (Wakogel C-300) with 
hesane/cthyl acetate/triethylamine (100:200: 1 v/v/v) to afford 3 (1.05 g,  86%): amorphous 
ponder; IR 1746 cm-1 (C=O), 1536 crn-1 (C=N); t17.0 O ( L  1.1, CHC13); 1H 
NMR (FX-200) b5.97 (d, l H ,  ./I. 2 = 7.3 Hz, H-1), 5.66 (d, lH,  .12, 3 = 2.3 Hz, .I3, 4 
= 0 Hz, H-3), 5.38 (d, 1H, J31, 4 '  = 3.2 Hz, . I ~ I ,  j' = 0 Hz, H-4'), 5.19 (dd. 1H. . / l l T  2'  
= 8.1 Hz,.!~', 3 '  = 10.3 Hz, H-2'), 5.01 (dd. lH,  H-37, 4.65 (d, 1H. H- l ' ) ,  1.74-4.02. 
(m, 5H, H-2, H-ha, H-6b. H-6'a. H-6'b), 3.96 (dd. l H , . l j t .  6'a =. / j l ,  (j'b = 6.8 Hz. H- 
5'), 3.66 (d. lH,  ./4, j = 9.3 Hz. H 4 ) ,  3.53 (m, lH, H-5). 2.17. 2.12. 2.10. 2.05. 2.04. 

1.96 (each s, 6 x 3H, 6 x OAc), 1.71 (s, 3H, Me). 
Anal. Calcd for C26H3jN016: C, 50.56; H. 5.71; N, 2.27. Found: C, 50.23; H,  

5.80; N,  2.21. 
Ally1 O-(~-D-Galactopyranosy1)-(1-+4)-2-acetamido-2-deoxy-~-D- 

glucopyranoside (4). To a stirred solution of ally1 0-(2,3,4,6-tetra-0-acet~l-/j-~- 
galactop~ranos~l)-( 1 -*4)-2-acetamido-3,6-di-O-acetyl-2-deoxy-/~-D-glucop~rano~ide~ (200 

mg, 0.315 mmol) in MeOH (30 mL), NaOMe/MeOH (Na, 90 mg/MeOH, 5.0 mL) n'as 

added dropwise, and kept at room temperature until the disappearance of the starting 
compound (for 3 h). The reaction mixture was neutralized with Dowex SOW-X8 (H+). 
then the resin was filtered off, and the filtrate was concentrated to give 4 (133 mg, quant.): 
mp 269 - 270 "C (ethanol-hexane); [a]~" - 35.0 O (c 0.3, MeOH); IR 3268 cm'l (OH), 
1653 cm-1 (amido C =O); 1H NMR in D 2 0  (FX-200) b 5.28 - 5.11 (m, lH,  -CH2- 
CH=CH2), 4.65 - 4.54 (m, 2H, CH~-CH=CHZ), 3.90 and 3.76 (each d,  2 x lH,  ./I, 2 
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MANp1-4GlcNAc AND Le" UNITS 71 1 

=.111, 2 '=  7.6 Hz, H-1 and H-l ' ) ,  3.67 - 3.41 (m, 2H, -CHz-CH=CH2), 3.33 - 2.79 (m, 

Anal. Calcd for C17H29NOll: C, 48.22; H, 6.90; N, 3.31. Found: C, 48.28; H, 
12H, H-2 - H-6b, H-2' - H-6b'), 1.34 (s, 3H, NAc). 

6.82: N ,  3.29. 
Allyl 0- (2 ,4  - D i - 0 - a  ce t y I-3,6 - d i - 0- tr i  p he ny 1 m e t h y I -/?- D -ga I ac t o- 

p y ra nosy I ) - ( 1 -4 ) -2- ace t a m ido-3 - 0 - a  ce t y I - 2 - de ox y -6 -0- trip he ny I m e t h y I -/?- 
I)-glucopyranoside ( 6 ) .  A mixture of 4 (210 mg, 0.496 mmol) and bis(tributy1tin) 
oxidc (664 mg, 2.24 equjv) in toluene was refluxed for 6 h by the use of a Dean-Stark 
apparatus (with Molecular Sieves 4A). To this reaction mixture, triphenylchloromcthanc 
(620 mg, 4.48 equiv) was addcd at room temperature, and the reaction mixturc wa\ qtirrcd 

at 60 "C for 46 h, then concentrated to give syrupy crude ally1 O-(3,6-di-0- 
triphcny imethyI-/~-I~-galactopyranosyl)- (1 -4) -2-acetamido-2-deoxy-6-~~-triphenylmethyl- 
/~-I)-glucopyranoside (5) and its 6,2',6'-t ri-U-triphenylmethyl derivativc. Thc crude 

mixturc was converted into the corresponding acetyl derivatives (acetylated with acetic 
anhydridc-pyridinc, quantitative yields) for purification. The crude acetylated products 
M'crc purified o n  a column of silica gel (Wakogel C-300) with benzenc/acetone (3:l v/v) to 
nfford 6 (367 mg, 58%) and its 6,2',6'-tri-O-triphenylrnethyl dcrivativc (88 mg. 14%): 
\yrup; [ c x ] [ I ~ ~  - 74.1 O (c 0.6, CHCI3); IR 1755 cm-1 (C=O), 1677 cm-1 (amido C=O); 
1H NMR ( FX-300) b 7.39 - 7.07 (m. 9 x 5H, 3 x Tr), 5.94 - 5.87 (m, lH,  -CH2- 
CH=CH? ). 5.40 - 5.37 (m. 2H, NH and H-4' ), 5.30 - 5.18 (m, 2H, -CH?-CH=CH2). 
5.20 - 5.12 (dd.  lH,  H-2' ). 4.54 (dd, lH,  .I 2.  3 = 10.7 Hz..I 3, 4 = 9.4 Hz. H-3). 3.10 

= 9.4 Hz, H-3), 4.15 (d, IH, .I 1' ,  2' = 7.6 Hz, H-1' ), 4.15 - 4.08 (m, 2H. H-2 and 

-CH?-CH=CH?). 3.62 - 3.59 (dd, l H ,  H-3' ), 3.55 (dd, lH,  .I 5, 6b = 1.9 Hz, .I ha, hb 

= 10.7 Hz, H-6b). 3.47 (dd, 1H. .I j', 61a = 5.8 Hz, .I 6Ia, 6 ' b  = 8.3Hz. H-h'a), 3.35 
(dd. l H ,  . l j ' ,  6 'b  = 5.3 Hz. H-h'b), 3.30 (dd, lH,  -15, 6a = 2.1Hz, H - h ) ,  2.94 - 2.89 

(m. 1H. H- j ' ) ,  2.73 - 2.67 (m, l H ,  H-5), 2.16 (each s, 3 x 3H, 3 x OAc), 1.93 (s, 3H. 

- 4.30 (m. IH, -CH2-CH=CH2), 4.25 (d,  lH,  .I 1, 2 = 8.6 Hz. H-l), 4.19 (dd. 1H. .14, j 

"AC). 

Anal. Calcd for CgoH77NOli. C, 75.27; H, 6.08; N ,  1.10. Found: C, 75.72; H, 
6.23; N,  1.39. 

Allyl 0- ( 3 ,4  - D i - 0 -ace ty I - 2,6 - d i - 0-tri  p he ny I m e t h y I -/3- I) -ga I ac to - 
pyranosyll-(1 * 4)-2-acetamido-3-0-acetyl-2-deoxy-6-0-triphenylmethyl-/3- 
1)-glucopyranoside: l H  NMR (FX-ZOO) b 7.39-7.07 (m, 9 x 5H, 3 x Tr), 5.94-5.87 

(m,  lH,  -CH?-CH=CH2), 5.37 (d, lH,  .12, NH = 9.1 Hz, NH), 5.30-5.18 (m. 3H, 
-CH?-CH=CHz and H-4'). 4.73 (dd, lH,  .Qi, 3 '  = 10.7 Hz, J ~ I ,  4 '  = 2.7 Hz, H-3'), 
4.57 (dd, lH,  .12, 3 = 10.7 Hz, .l3, 4 = 9.4 Hz, H-3), 4.40-4.36 (m, l H ,  -CH2- 

CH=CH?). 4.29 (d, lH,  ,111, 2'  = 7.6 Hz, H-l ' ) ,  4.28-4.21 (m, 2H. H-2 and H-4), 4.15- 
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4.08 (m, 2H, H-1 and -CH~-CH=CHZ),  3.59-3.51 (m, 2H, H-6a and H-6'a). 3.39-3.28 

(m, 2H, H-6b and H-h'b), 2.94-2.87 (m, 2H, H-2' and H-j ' ) ,  2.73-2.67 (m,  l H ,  H-5), 
2.16 (cach s, 3 x 3 H ,  3 x OAc), 1.93 (s, 3H, NAc). 

Allyl 0-(3,6-Di-O-pivaloyl-~-I~-galactopyranosyI)-(1+4)-2-acetani- 
ido-2-deoxy-6-0-pivaloyl-~-~)-glucopyranoside (7). A mixture of 4 (40 mg. 

0.091 mmol) and bis(tributy1tin) oxide (0.24 mL, 5.0 cquiv) in a mixed solvcnt of 
acetonitnlchenzcnc (1:1 viv, 6.0 mL) was rcflused by thc use of a Dcan-Stark apparatus 

with Molccular Sieves 4A fo r  3 h.  To this rcaction mixture, pivaloyl chloridc (0.08 mL. 
7.0 cquiv) was added at room tcmperaturc, and thc rcaction misturc MYIS hcatcd at 90 "C for 
19 h.  Thc reaction mixturc was concentratcd to givc a rcsiduc, which u'as purificd o n  a 

column of silica gcl (Wakogel C-300) with hcxanc/cthyl acctatc (1 :5 v/v) to afford 7 (30 
mg, 50%): syrup; [ a ] ~ , ~ ~  t 73.1 O (c 0.9, CHC13); IR 1722 cm-l (C=O). 1059 cm-l  

(amido C=O); l H  NMR (A-500) S 5.98 (d, l H ,  -12, N H  = 7.3 Hz, NH), 5.88 (m,  1H. 
-CH?-CH=CH2), 5.28 - 5.17 (m, 2H, -CH~-CH=CHZ),  4.81 (dd, l H ,  .17'. 3'  = 10.1 
Hz,.13', 4 '  = 3.1 Hz, H-3'), 4.70 (d, l H ,  .11, 2 = 8.2 Hz, H-l) ,  4.08 (bs, lH,  3-OH), 
4.60 (dd, l H t  H-ha), 4.38 (d, lH: . I l l !  2 '  = 7.9 Hz, H-l ' ) ,  4.31 and 4.07 (cach m, 2 s 
lH ,  -CH2-CH=CH2), 4.31 (dd, 1H,.l6';],6'b = 11.0 Hz, H-b'a), 4.78 (dd, lH,  H-O'h). 
4.18 (dd, lH,.I()a,()b = 17.2 Hz, .lj, (jb = 0.1 HZ , H-hb), 3.99 (dd. lH ,  .IL$I.OH = 4.0 
Hz. H-4'). 3.97 (dd. 1H. H-3), 3.93 (ddd. 1H. H-?'), 3.83 (dd, lH ,  .I5',6'a = . I j ' , ( ) ' b  
= 0.1  Hz. H-5 ' ) .  3.75 (d, l H ,  OH = 4.3 Hz, ?'-OH), 3.01 (ddd, 1H. .lj.()a = 1.7 
Hz. H-5). 3.48 (ddd. lH..I?, 3 = 10.1 Hz. H-2), 3.42 (dd, 1H. .13. 4 = .I4. 5 = 8.9 Hz. 

H-4)> 7.84 (d, lH ,  4'-OH), 1.26, 1.21, and 1.70 (cach s. 3 s 9H, 3 s OPiv). 
Anal. Calcd for C32Hj3N014: C, 56.87; H, 7.91; N, 2.07. Found: C,  56.54; 

H, 7.93; N: 1.80. 
Allyl 0-(2,4-Di-O-acetyI-3,6-di-O-pivaloyI-~-l~-galactopyranosyI)- 

( 1 + 4 ) - 2 -ace t a m i do -3 - 0 -a c e t y I - 2 - d e o x y - 6 - 0 - p i v a I o y I - /3- I )  - g I u co p y ra nos id e 

( 7 a ) .  Thc structure of 7 was confirmcd from its acctyl dcrivativc 7a (acctylation with 
acctic anhydridc-pyridine, quantitative yield): Syrup; [ a ] ~ ~ ~  - 17.1 ( c  1.1, CHC13); IR 
1734 cm-l (C=O), 1671 cm-l (amido C=O); 1H NMR (A-500) LI 5.84 (m. IH, -CHz- 

CH=CH2), 5.59 (d, I H ,  .I?, NH = 9.5 Hz, NH), 5.41 (dd, l H ,  ,131, 4' = 3.7 Hz? .1417 j' 

= 0.9 Hz, H-4'), 5.27 - 5.17 (m, 2H, -CHZ-CH=CH~),  5.17 (dd. lH ,  H-7'), 5.07 (dd, 
l H ,  .I?, 3 = 9.5 Hz, .l3, 4 = 8.2 Hz, H-3), 4.94 (dd, l H ,  .1?1, 31 = 10.4 Hz, H-3 ' ) ,  4.53 

(dd, l H ,  ./ha. 6b ~ 1 1 . 9  H z , J j ,  6a = 3.1 Hz, H-ha), 4. 49 (d, l H ,  .I1, 7 = 7.3 Hz, H-l) ,  
4.48 (d. l H ,  .lit, 2 '  = 7.9 Hz, H-1'). 4.79 and 4.03 (each m, 2 s lH ,  -CH2-CH=CH?). 
4.13 (dd, l H ,  .lgia. 6% = 11.0 Hz? H-G'a), 4.10 (dd, l H ,  .1ha, 6b = .1j, hb = 5.5 Hz, H- 
6b), 4.05 (dd, 1H. H-h'b), 4.02 (ddd, lH,  H-2), 3.89 (ddd, l H , . I j ' ,  hia =.15', h ' b  = 0.7 

Hz, H- j ' ) ,  3.74 (dd, l H ,  .14, j = 8.2 Hz, H-4), 3.03 (ddd, l H ,  H-5), 2.13. 2.08, and 
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MANP1-4GlcNAc AND Le" UNITS 713 

7.03 (cach s. 3 x 3H, 3 x OAc). 1.97 (s: 3H, NAc), 1.24, 1.19, and 1.10 (each s, 3 x 9H, 
3 s OPiL.). 

Anal. Calcd for C38HjyN017: C. 56.92; H, 7.42; N, 1.75. Found: C, 56.89; H. 

7.42; N ?  1.44. 
Ally1 0-(3,6-Di-0-pivaloyl-~-~~-galactopyranosyI)-(1+4)-2-acetam- 

id o- 2 - de ox y -3,6 -d i - 0- p iv alo y I -#I- D-gl ucopyra nos ide (8 ) . To a solution of 4 
(310 mg. 0.732 mmol) in pyridine (3.0 mL) was added dropwise a solution of pivaloyl 
chloridc (479 !AL, 5.4 equiv ) in dichloromethane (1.0 mL) at 0 "C with stirring. Thc 

rcaction mixture n'as stirred for 12 h at room temperature, then diluted with chloroform. 
and washed with aqueous sodium hydrogen carbonate and water. The organic laycr was 
dricd ovcr anhydrous magnesium sulfate, concentrated under reduced pressurc to givc a 
rcsiduc. which HXS purified on a column of  silica gel (Wakogel C-300) with hexanciethyl 
acctatc (1:: v!v) to afford 8 (334 mg, 60%): mp 106 - 108 "C (ethanol-hexanc); [Cc]rl2' t 

15.2 (c  0.9. CHC13 ); IR 3395 cm-1 (OH) and 1725 cm-1 (C=O), 1668 cm-1 (amido 

-CH?-CH=CH2), 5.30-5.14 (m, 2H, -CH?-CH=CH2), 5.14 (dd, lH, .12, 3 = 9.8 Hz, 
. /3. 4 = 8.9 Hz, H-3), 4.76 (dd, lH,  ,121. 31 = 10.1 Hz. J3' .  4' = 3.1 Hz, H-3'), 4.69 (dd, 

IH, ./()'il. (,'b = 2.4 Hz, J j ' ,  h'a = 11.9 Hz? H-h'a), 4.50 (d, lH,  .I l l ,  2' = 7.0 Hz, H- 
1'). 4.32 - 4.27 (m. 2H, H-ha and -CH2CH=CH2), 4.25 - 4.16 (m,  2H, H-6% and H- 
Oh), 4.09 - 4.03 (m, 2H, H-2 and -CH2CH=CH2), 3.93 (d, l H ,  H-47, 3.88 (dd, lH,  -14, 

j = 9.2 Hz, H-4), 3.78 (dd, l H ,  H-2'), 3.71 - 3.68 (m, 2H,  H-5 and H-5'), 3.11 (bs, 

1H. 2'-OH), 2.35 (bs, 1H. 4'-OH), 1.92 (s, 3H, NAc), 1.23, 1.22, and 1.20 (cach s, 4 x 
YH, 4 x OPiv). 

c=o); I H  NMR ( ~ ~ - 2 0 0 )  s 5.91 (d, IH,  .I?, NH = 9.2 HZ, NH), 5.88 - 5.80 (m, IH, 

Anal. Calcd for C37H61N015: C, 58.48; H, 8.OY; N, 1.84. Found: C, 58.96; 

Al I y I 0 - [ 3,6 - D i - 0 -pi v a I o y I - 2,4 - b i s ( 0- t r i fl uo rom e t h y Is u I fo n y I) - p- D - 
galactopyranosyl]-(I + 4)-2-acetamido-2-deoxy-3,6-di-~-pivaloyI-~-l~-gluc- 
opyranoside (9). A solution of trifluoromethanesulfonic anhydride (700 yL, 10.8 

cquiv) in dichloromcthane (2 .0  mL) was added dropwise to a mixed solution 
(dichloromcthane, 2.0 mL and pyridine, 613 pL, 19.2 equiv) at -15 - -18 "C with stirring, 

and kept for 5 min. To the reaction mixture, a solution of 8 (300 mg, 0.395 mmol) in 
dichloromcthane (5.0 mL) was added dropwise at - 18 "C and kept for 6 h.  The reaction 
mixture was diluted with dichloromethane, washed with an aqueous solution saturated with 
sodium hydrogen carbonate, 1 % hydrochloric acid, and then cold water. The organic 
solution was dried over magnesium sulfate, filtered, and concentrated to give 9 (404 mg, 
quant.): mp 148 - 149 "C (ethanol-hexane); [ c Y ] D ~ ~  - 8.9 ' (c 0.8, CHC13); IR 1743 cm-l 

H, 8.37; N, 1.69. 
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714 SAT0 ET AL. 

(C=O), 1668 cm-l (amido C=O); I H  NMR (FX-200) 6 5.87 - 5.79 (m, l H ,  -CH2- 

5.27 - 5.10 (m, 2H, -CH2-CH=CH2), 5.17 - 5.15 (m, l H ,  H-37, 5.03 (dd, l H ,  J 2 ,  3 = 

10.2 Hz, J3,  4 = 9.0 Hz, H-3), 4.81 - 4.78 (m, 2H, H-1' and H-2), 4.51 (dd, lH,  .1j, 6b 

CH=CH2). 5.71 (d,  l H ,  .I?, NH = 9.4 Hz, NH), 5.30 (d, lH,  .l3', 4 '  = 2.8 Hz, H-4' ), 

= 2.1 Hz, .Iha, 6b = 12.2 Hz, H-hb), 4.46 (d, lH,  J1,  2 = 7.9 Hz, H-l), 4.38 (dd, l H ,  
J j ' ,  6'a = 6.4 Hz, .l6Ia, h 'b  = 11.3 Hz, H-6'a), 4.35 - 4.26 (m, 1H, -CHz-CH=CHz), 
4.15 - 4.09 (m, 2H, H-2 and H-ha), 4.07 - 4.03 (m, 3H, H-5', H-6'b, -CH~-CH=CHZ), 
4.00 (dd, lH,  .14, 5 = 8.8 Hz, H-4), 3.97 - 3.94 (m. l H ,  H-h'a), 3.63- 3.60 (rn, l H ,  H- 

5), 1.92 (s, 3H. NAc). 1.28, 1.27, 1.22: and 1.18 ( each s, 4 x 9H, 4 s OPiv). 
Anal. Calcd for C39Hj9FgN019S2: C,  45.74; H, 5.81; N, 1.37. Found: C, 

46.10; H, 5.72; N ,  1.34. 

( 1 + 4)  - 2 -ace t a m id o - 2 - d e ox y -3,6 - d i - 0- pi v a I o y I -/3- D -g I uco p y ra nos i de ( 1 0 ) .  

A misturc of 9 (150 mg, 0.146 mmol), cesium acetate (170 mg, 6.07 equiv), and 18- 

crow'n-6 (233 mg, 6.04 equiv) in toluene (0.0 mL) was refluxed for 1 h (Entry 1 in Tablc 
1 ) .  Thc rcaction misturc MYIS conccntratcd under reduced pressure to give a residue, which 
was purificd o n  a column of silica gel (Wakogel C-300) with benzene/acetone (5:1 v/v) to 
afford 10 (115 mg, 93%): mp 102 - 104 "C (ethanol-hesane); [o]# - 28.2" (c 0.6, 
CHC13); 1R 1737 cm-1 (C=O)> 1668 cm-l (amido C=O); lH NMR (FX-200) i, 5.87 - 
5.79 (m,  lH,  -CH?-CH=CH?), 5.50 (d, l H ,  -12, NH = 9.5 Hz, NH), 5.42 (dd, IH,  ,121, 

3 '  = 3.7 Hz, . I l l ,  2'  = 0 Hz, H-2'), 5.26 - 5.17 (m, 2H, -CHz-CH=CHz), 5.19 (dd, l H ,  
.13', 4 1  = 9.7 Hz,.14', 5 '  = 9.7 Hz, H-4'), 5.09 (dd, 1H,.I3, 4 = 8.5 Hz, .12, 3 = 9.5 Hz, 

= 7.3 Hz. H-l), 4.30 - 4.20 (m,  lH,  -CHz-CH=CH2), 4.20 (dd, l H ,  Jgla, = 11.9 
Hz, . l j i ,  (,la = 2.5 Hz, H-O'a), 4.15 (dd, lH,  H-6b), 4.12 (dd, l H ,  H-6'b), 4.06 - 3.98 
(m, 3H, -CH~-CH=CHZ and H-2), 3.90 (dd, l H ,  .14, j = 8.8 Hz, H-4), 3.70 - 3.64 (m, 

2H,  H-5 and H- j ' ) ,  2.08, 2.02, and 1.92 (each s, 3 x 3H, 2 s OAc, 1 x NAc), 1.25, 
1.24> 1.21, and 1.11 (each s, 4 s 9H, 4 x OPiv). 

Anal. Calcd for C41H6jN017: C, 58.35; H, 7.76; N ,  1.66. Found: C, 58.06; H, 

A I I y I 0- ( 2 4 - D i - 0 -a c e t y I - 3 6 - d i - 0 -pi v a I o y I -/3- D -m a n n o p y ran 0s y I )  - 

H-3), 4.97 (dd, IH ,  H-3'), 4.69 (s, l H ,  H- l ' ) ,  4.49 (dd, lH,  H-6a), 4.47 (d, l H ,  -11, 2 

7.59; N,  1.71. 
Examinations of the reaction conditions for acetoxylation of  9 

(Table 1 ) .  A mixture of 9 (150 mg, 0.146 mmol), cesium acetate (170 mg, 6.07 equiv), 
and 18-crown4 (233 mg, 6.04 equiv) in toluene (6.0 mL) was stirred under 
ultrasonication for 12 h. It was then treated in a similar manner as mentioned above to give 
1 0  in 92% yield. (Entry 2) A mixture of 9 (155 mg, 0.151 mmol), cesium acetate (176 
mg, 6.07 cquiv), and 18-crown-6 (241 mg, 6.04 equiv) in N ,  N-dimethylformamide 
(DMF, 5.0 mL) was stirred for 10 h. It was then treated in a similar manner as mentioned 
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MANP1-4GlcNAc AND LeX UNITS 715 

above to give 10 in 59% yield. (Entry 3) Amixture of 9 (150 mg, 0.146 mmol), cesium 
acetate (156 mg, 5.57 equiv), and 18-crown-6 (233 mg, 6.04 equiv) in dimethyl 
sulfoxide (DMSO, 5.0 mL) was stirred for 10 h. It was then treated in a similar manner as 
mentioned above to give 10 in 62% yield. (Entry 4) A mixture of 9 (138 mg, 0.134 
mmol) and cesium acetate (161 mg, 6.26 equiv) in DMF (5.0 mL) was stirred for 24 h. It 
was then treated in a similar manner as mentioned above to give 10 in 36% yield. (Entry 5) 
A mixture of 9 (163 mg, 0.159 mmol) and cesium acetate (185 mg, 6.06 equiv) in DMSO 
(5.0 mL) was stirred for 24 h.  It was then treated in a similar manner as mentioned above 

to give 10 in 39% yield. (Entry 6) A mixture of 9 (152 mg, 0.148 mmol), tetrabutyl- 
ammonium acetate (250 mg, 5.60 equiv), and 18-crown4 (221 mg, 5.66 equiv) in toluene 

(6.0 mL) was stirred for 24 h. It was then treated in a similar manner as mentioned above 
to givc 10 in 43% yield (Entry 7). 

Be n z y I 0- (/3- D - Ga I ac t o p y ra nosy I )  - ( 1 -4) - 2 -ace t a m i do - 2 - deo x y -#I- I) - 
glucopyranoside (11). Amixture o f 3  (1.93 g, 3.1 mmol), benzyl alcohol (1.6 mL, 
5.0 equiv), and a catalytic amount of pyridinium p-toluenesulfonatc (ca. 50 mg) in 1.2- 
dichlorocthane was refluxed for 1.5 h. The reaction mixture was ncutralizcd with pyridinc 

at room temperaturc and concentrated to givc a residue, which was purificd on a column of 
silica gel (Wakogel C-300) with hexaneiethyl acctate (1% v/v) to afford bcnzyl 0-(2.3,4.6- 
tctra-~~-acet~~-/~-D-ga~actopy~dnosy~)-( 1 +4)-2-acetamido-3,6-di- O-acetyl-2-deos)'-/,'-D-El- 
ucopyranoside (2.05 g, 91%): amorphous powder; [ * ] ~ ~ j  - 37.0 ' ( c  1.1, CHC13); IR 
1746 cm-l (C=O), 1671 (amido C=O); IH NMR (A-500) ~5 7.41 - 7.28 (m,  5H, 
Ph), 5.51 (d, lH, -12, NH = 9.6 Hz, NH),  5.35 (d, l H ,  J31, 4' = 3.3 Hz, H-4') ,  5.10 
(dd: IH ,  ./11, 21 = 7.9 Hz, .Qi2 3 '  = 10.2 Hz, H-2'), 5.00 (dd, 1H,./2, 3 = 9.6 Hz, ./3. 4 
= 8.2 Hz, H-3), 4.96 (dd, lH, H-37, 4.86 and 4.56 (ABq, 2H, .IA, g = 12.2 Hz. -CH2- 

Ph), 4.53 (dd,lH,./j,  6b = 2.9 Hz..1ha, 6b = 11.6 Hz, H-6b), 4.50 (d, l H ,  H- l ' ) ,  1.12 
(d ,  lH,./1, 2 = 7.9 Hz, H-l) ,  4.19 - 4.09 (m,  4H, H-2, H-6'a, H 6'b, and H-6a), 3.69 
(ddd, lH, H-j '),  3.81 (dd, 1H,./4, j = 8.2 Hz, H-4), 3.59 (ddd, lH, H-5), 2.14, 2.06, 

2.05. 1.97, and 1.94 (each s, 7 x 3H, h x OAc and 1 x NAc). 
Anal. Calcd for CyjH43N017: C. 54.61; H, 5.97; N, 1.93. Found: C, 54.50; H, 

6.01; N, 2.04. 
The hexa-0-acetylated derivative of 11 was stirred with a catalytic amount of 

sodium methoxide in methanol (ca. pH 9) at room temperature for 30 min, thc solution 
was neutralized with ion exchange resin Dowex 5OW-X8 (H+), filtered, and concentrated 

to give 11 (1.33 g, quant.), which was used for the next step without further purification. 
Benzyl 0- (3 ,6-Di-0-pivaloyI-~-D-galactopyranosyI) - (1~4)-2-aceta-  

mido-2-deoxy-6-O-pivaloyl-~-~-glucopyranoside (12). A mixture of 11 (100 

mg, 0.211 mmol) and bis(tributy1tin) oxide (378 mg, 3.0 equiv) in a mixed solvent of 
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benzene/actonitrile (1:l v/v, 15.0 mL) was refluxed by the use of a Dean-Stark apparatus 
and Molecular Sieves 4A for 3 h, then pivaloyl chloride (183 pL, 7.1 equiv) was added at 

room temperature. The reaction mixture was again heated at 90 "C for 24 h and 
concentrated to give a residue, which was purified o n  a column of silica gel (Wakogel C- 
300) with hexane/ethyl acetate ( 1 5  v/v) to afford 12 (112 mg, 73%): mp 133 - 134 "C 
(ethanol-hexane); [ a ] ~ ~  t 2.4 " ( c  1.0, CHC13); IR 3490 cm-l (OH), 1728 cm-l (C=O), 

1662 cm-l (amido C=O); I H  NMR (A-500) b 7.36 - 7.28 (m, 5H, Ph), 6.00 (d, l H ,  .I2, 
NH = 7.3 Hz, NH), 4.87 and 4.54 (ABq, 2H, JA, B = 12.8 Hz, -CH2-Ph), 4.81 (dd, 
lH,  J2',  3' = 10.3 Hz, .l3', 4 '  = 3.3 Hz, H-3'), 4.68 (d, l H ,  .]I, 2 = 6.5 Hz, H-l), 4.65 
(bs, lH,  3-OH), 4.62 (dd, lH,  J j ,  6b = 1.6 Hz,.Iha, 6b = 11.9 Hz, H-6b), 4.38 (d, lH,  
.I l l ,  2' = 7.9 Hz, H-l ' ) ,  4.30 (dd, l H ,  J j ' ,  6'a = 7.7 Hz, . l g 'a ,  6'b = 11.6 Hz, H-h'a), 
4.27 (dd, IH, J j ' ,  (j'b = 5.4 Hz, H-h'b), 4.22 (dd. lH,  J5,  6d = 6.1 Hz, H-ha), 3.99 
(dd. IH.  H-4'), 3.93 (dd, IH,  H-2'), 3.91 (dd. 1H,.12, 3 = 10.4 Hz, J3,  4 = 8.9 Hz, H- 
3), 3.83 (bs. IH, ?'-OH), 3.83 (dd, lH,  H - j ' ) ,  3.63 (ddd, lH,  J4,  5 = 8.9 Hz, H-5). 

3.57 (ddd, lH, H-2), 3.45 (dd, IH, H-4). 3.03 (bs, LH, 4'-OH ), 1.95 (s,  3H. NAc), 
1.25, 1.22. and 1.19 (cach s, 3 x YH, 3 x OPiv). 

Anal. Calcd for C36HjjNO14: C, 59.57; H, 7.64; N ,  1.93. Found: C, 59.40; 

H, 7.58; N, 1.96. 
The structure of 12 was further confirmed by derivation into its acctyl 

derivative. Downfield shifts of H-3, H-2', and H-4' were observed. 1H NMR (A- 
500) b 7.36 - 7.17 (rn, j H ,  Ph), 5.46 (d, lH,  -12, NH = 9.2 Hz, NH), 5.40 (dd, 1H. . l3f,  

IH, J2, 3 = 10.8 Hz, J3,  4 = 8.2 Hz, H-3), 4.94 (dd, l H ,  H-37, 4.85 and 4.56 (ABq, 
4 '  = 3.7 Hz. H-4'), 5.15 (dd, l H ,  .Ill,  2 '  = 7.9 Hz, J21, 3' = 10.3 Hz, H-2'), 5.00 (dd, 

2H, JA ,  B = 12.8 Hz, -CH2-Ph), 4.56 (dd, lH,  J j ,  6b = 2.4 Hz, .16a, 6b = 11.3 Hz, H- 
6b), 4.48 (d. 1H. H-l ' ) ,  4.43 (d, 1H. .I1, 2 = 7.9 Hz, H-l), 4.13 (dd, lH,  J j ' ,  6 ' b  = 

6.4 Hz, .Ifi 'a, 6'b = 11.3 Hz, H-b'b), 4.11 (dd, l H , J j ,  6a = 5.2 Hz, H-ha), 4.08 (ddd, 
lH,  H-2), 4.04 (dd, l H ,  J j t ,  6 fa  = 7.0 Hz, H-h'a), 3.88 (ddd, l H ,  H-j ' ) ,  3.75 (dd, lH,  
.l4, 5 = 8.2 Hz, H-4), 3.60 (ddd, lH,  H-5), 2.12, 2.06, 2.02, and 1.93 (each s, 4 x 3H. 3 

x OAc and 1 x NAc), 1.26, 1.19, and 1.19 (each s, 3 x 9H, 3 x OPiv). 
Benzyl O-(3,6-Di-O-pivaIoyI-~-D-galactopyranosyI)-(l~4)-2-aceta- 

mido-2-deoxy-6-O-pivaloyl-3-O-( 2,2,2-trichloroethoxycarbonyl)-~-D-gluc- 
opyranoside (13 ) .  To a solution of 12 (46 mg, 0.063 mmol) in pyridine (0.5 mL) was 
added dropwise a solution of 2,2,2-trichloroethyI chloroformate (lOpL, 1.1 equiv) in 

dichloromethane (0.3 mL) at 0 OC, and the reaction mixture was kept for 30 rnin. Thc 
reaction mixture was quenched with MeOH and concentrated to give a midue ,  which wa\ 
purificd on a column of silica gel (Wakogel C-300) with hexane/ethyl acetate (1 : 1 v/v) to 
afford 13 (40 mg, 70 %): mp 190 - 191 "C (ethanol-hexane); t 9.9 (c 1.3, 
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CHQ3); IR 3520 cm-l (OH),  1731 (C=O), 1665 cm-1 (amido C=O) ; 1H NMR (A- 

500) b 7.36 - 7.28 (m, 5H, Ph), 5.68 (d, l H ,  -12, NH = 8.6 Hz, NH), 5.24 (dd, l H ,  h, 

3 = 10.7 Hz, .13, 4 = 8.0 Hz, H-3), 5.02 and 4.60 (ABq, 2H, ./A, B = 11.9 Hz, 

-CHzCC13), 4.85 and 4.56 (ABq, 2H, ./A,B = 12.2 Hz, CHzPh), 4.80 (d, l H ,  . / I .  2 = 

8.3 Hz, H-1), 4.77 (dd, l H ,  .I?', 3' = 10.1 Hz, J31, 4 '  = 3.4 Hz, H-3'). 4.69 (dd, l H ,  
.1j, hb = 1.8 Hz,.16a, 6b = 12.2 Hz, H-hb), 4.36 (d, 1H. . /I! ,  2' = 7.7 Hz, H- l ' ) ,  4.38 
(dd, lH,.l51, hia = 7.7 Hz,.I6'a. h'b = 11.3 Hz, H-h'a), 4.25 (dd, IH, ./j. ha = 5.5 Hz, 
.I&, fjb = 12.2 Hz, H - h ) ,  4.13 (dd, 1H,.15', 6 'b = 5.8 Hz, H-ti'b), 3.92 (d, lH ,  H-4'), 
3.81 (ddd, l H ,  H-2'), 3.75 (ddd. l H ,  H-2), 3.75 (dd, l H ,  ./4, 5 = 8.6 Hz, H-4), 3.70 

(ddd, l H ,  H-5), 3.69 (ddd, lH ,  H- j ' ) ,  3.04 (d, 1H, ?'-OH), 2.29 (d, l H ,  4'-OH), 1.85 
(\, 3H, NAc), 1.24 and 1.19 (cach 6, 3 x 9H, 3 x OPiv). 

Anal. Calcd for C39HjhC13NO16: C, 51.97; H, 0.26; N, 1.55. Found: C. 

51.70; H, 6.28; N ,  1.81. 
Benzyl 0-(2,4-Di-0-acetyl-3,6-di-~-p~valoyi-~-l~-~alactopyranosyi)- 

(1 +4)-2-acetamido-2-deoxy-6-0-pivaloyl-3-~-(2l2,2-trichloroethoxy~~rb~- 
nyl)-B-1)-glucopyranoside (13a). Compound 13 u'as acctylatcd (acctic anhydride 

pyridine) and worked up in the usual manner to give thc corresponding acctyl dcrk ati\ c 
13a. in quantitative yield: syrup; [ ~ x ] $ '  - 18.3 O (c 1.0, CHC13); IR 1758 cm-l (C=O). 
1668 cm-1 (amido C=O); lH  NMR (A-500) b 7.37 - 7.28 (m, 5H, Ph), 5.5 1 (d, lH ,  

.I?, NH = 8.8 Hz, NH), 5.41 (d, lH,. /3 ' ,  4 '  = 3.6 Hz, H-4'), 5.19 (dd, l H , . / l ' ,  2 '  = 8.0 

Hz, .lzt, 3' = 10.4 Hz, H-2'), 5.16 (dd, 1H,.12, 3 = 10.1 Hz, .l3, 4 = 8.5 Hz. H-3). 4.97 
and 4.67 (ABq, 2H. .IA, B = 11.9 Hz, -CH?CC13), 4.85 and 4.55 (ABq, 3H, .IA.B = 

11.9 Hz, -CH2Ph), 4.95 (dd, IH, H-3'), 4.72 (d,  l H ,  . /I ,  2 = 7.8 Hz. H-l) ,  4.54 (d. 
l H ,  H- l ' ) ,  3.52 (dd, lH , . I j ,  6b = 2.5 Hz,.16a, 6b = 11.3 Hz, H-hb), 4.11 (dd, l H ,  J j ,  

6 a z 5 . 2  Hz, H - h ) ,  4.09 (dd, lH,. /5 ' ,  6'b = 6.1 Hz, ./()'a, h 'b  = 11.0 Hz, H-h'b), 4.02 
(dd, l H ,  Jj', h'a = 8.0 Hz, H-h'a), 3.90 (ddd, l H ,  H-j ' ) ,  3.85 (ddd, l H ,  H-3), 3.79 

(dd, l H ,  ./4, j = 8.5 Hz, H-4), 3.67 (ddd, l H ,  H-5), 2.12, 2.04, and 1.89 (cach s, 3 x 
3H, 2 x OAc and 1 x NAc), 1.26. 1.17, and 1.10 (each s, 3 x BH, 3 x OPiv). 

Anal. Calcd for C43H6oC13N018: C, 52.42; H, 6.14; N ,  1.42. Found: C, 52.29; 
IH, 6.22; N ,  1.49. 

Benzyl 0-(2,~-Di-0-acetyI-3,6-di-~-pivaloyI-~-D-galactopyranosyI)- 
( 1 +4) - 2 -ace t a m id o -2 - de o x y - 6 - 0- pi v a I oy I - B- D -gl uco py ra nos i de A 

misturc of the above mentioncd acctyl derivative 13a (32 mg, 0.032 mmol), ii catalytic 
amount of zinc powder, and a small amount (0.1 mL) of water in acetic acid (0.3 mL) wa\ 

stirrcd at room temperature for 1 h. The rcaction mixture was poured into chloroform. 
washed with saturatcd aqueous sodium hydrogcncarbonatc, thcn with w'atcr, dried ovcr 

anhydrous magncsium sulfatc, and concentratcd to givc 14 (25 mg, 96%): mp 158 - 100 

( 1 4 ) . 
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718 SAT0 ET AL. 

"C (cthmol-hcxanc); [ c I ) ~ '  - 9.9 ( L  1.0. CHC13); 3490 cm-l (OH), 1737 cm-l (C=O), 
1068 cm-l (amido C=O); IH NMR (A-500) h 7.36 - 7.28 (m, 5H, Ph), 5.48 (d,  IH ,  .I?, 
NH = 7.9 Hz, NH), 5.45 (d,  IH, . l31,  4'  = 3.4 Hz, H-4'), 5.28 (dd, IH ,  . / I ! ,  21 = 7.9 
Hz, ./?I. 3' = 10.4 Hz, H-2') .  4.97 (dd, 1H. H-3'), 4.86 and 4.55 (ABq. ?H, ./A, B = 

12.8 Hz. -CH2-Ph), 4.80 (d, l H , . I l .  2 = 8.2 Hz, H-I), 4.58 (d, IH,  H - l ' ) ,  4.39 (dd, 
l H , . / j ,  ( )b= 1.7 Hz, ./ha, hb ~ 1 1 . 9  Hz, H-6b), 4.14 (dd, IH,  Jj', 6'b = 5.8 Hz, ./6la, 
h 'b  = 11.6 Hz, H-h'b), 4.13 (139, 1H. 3-OH), 4.09 (dd, lH ,  Jj', ()'a = 7.0 Hz, H-h'a), 
4.03 (dd, IH, Jj, = 5.5 Hz. H-6a), 4.02 (ddd, lH ,  H-5'). 4.01 (dd, IH, ./?, 3 = 11.6 
Hq.13, 4 = 8.6 Hz, H-3). 3.65 (ddd, IH, ./4, 5 = 8.3 Hz, H-5). 3.48 (ddd. IH,  H-2), 

3.45 (dd. 1H. H-4). 2.14. 2.05, and 1.97 (cach s. 3 s 3H. 2 Y OAc and 1 x NAc), 1.25. 
1.18. and I .  1 1  (cach s. 3 x 9H. 3 s OPiv). 

Anal. Calcd for C4()HjgNOIh: C. 59.32; H, 7.34; N. 1.73. Found: C, 541.1 1 ;  

H. 7.42: h. 1.93. 
Benzyl 0-(2,4-Di-0-acetyl-3,6-di-0-pivaloyI-~-l~-galactopyranosyl)- 

( 1  + 4)  -0- [ (2,3, 4-tri-O-benzyl-a-L-fucopyranosyl)-( 1- 3)] -2-acetamido-2- 
deoxy-6-O-pivaloyI-/3-D-glucopyranoside (15). A mixturc of 14 (31 mg. 0.038 

mmol) . 16 (25 mg, 1.2 equiv), and Molecular Sieves 4A (20 mg) in dichloromethanc (1.5 
mL) was stirrcd for 30 min. To the reaction mixture, trimethylsilyl trifluoromcthanc- 
sulfonatc (9.0 pL, 1.3 equiv) was added dropwise at 0 "C, and stirred for 2 h .  Thc 

rcaction mixture was then neutralized with triethylamine and concentrated to give a rcsidue, 
which wa(; purified on a column of silica gel (Wakogcl C-300) with tolucnc/acetonc (4:l 
v/c) to afford 15 (27 mg, 58%): mp 96 - 97 "C (ethanol-hexane); [CX]D2j - 43.5 (c 1.0, 

CHC13); IR 1758 cm-l (C=O), 1668 cm-l (amido C=O); 1H NMR (A-500) b 7.37 - 7.22 
(m, 4 x j H ,  4 x Ph), 5.98 (d, l H ,  .I2, NH = 8.2 Hz, NH), 5.43 (d, 1H,./31, 4 '  = 3.3 Hz, 
H-4'), 5.18 (dd, l H ,  . f i ' ,  2' = 7.9 Hz, J27, 3 '  = 10.7 Hz, H-2'), 5.08 (d, l H ,  .f1, 2 = 3.7 
Hz, Fuc-H-1), 5.00 (dd, lH,  H-37, 4.97 - 4.50 (m, 4 x 2H, 4 x -CH2-Ph), 4.91 (d, l H ,  
-11, 2 = 5.2 Hz, H-l) ,  4.63 (dd, l H ,  -15, 6b = 3.7 Hz, ./ha, 6b = 11.6 Hz, H-hb), 4.51 (d, 

l H ,  H- l ' ) ,  4.32 (dd, lH , . f j ,  6a ~ 5 . 8  Hz, H-ba), 4.21 (dq, l H ,  Fuc -H-~) ,  4.14 (dd, l H ,  
-12, 3 = 6.4 Hz, -13, 4 = 6.4 Hz, H-3), 4.08 (dd, I H ,  ./2, 3 = 10.1 Hz. FUC-H-2), 4.10- 

4.07 (m, 2H, H-6'a and H-h'b), 3.90 (dd, IH, ./3, 4 = 3.1 Hz, Fuc-H-3), 3.89 (ddd, IH. 

H-5'). 3.76 (ddd, IH, H-2), 3.75 (dd, l H ,  H-4), 3.63 (dd, l H ,  Fuc-H-4), 2.02, 2.00, 
and1.81(eachs,3x3H,2xOAcand1xNAc),1.23,1.17,andl.l1(eachs, 3 x Y H , 3  
x OPiv), 1.17 (d, 3H, Fuc-H-6). 

Anal. Calcd fo r  C67H87N020: C, 65.61, H, 7.15; N, 1.14. Found: C, 65.43; 

2,3,4-Tri-O-benzyl-l-O-(phenylcarbamoyl)-~-L-fucopyranose (16 ) .  
H, 7.29; N ,  1.43. 

A mixturc of 2,3,4-tri-O-benzyl-~~-L-fucop~ran~se~~ (1 .O g,  2.3 mmol), phenyl isocyanate 
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(300 pL. 1.2 cquiv), and 4-dimethylaminopyridine (50 mg) in dichloromethane (20 mL) 

was stirrcd at room temperature for 1 h. The reaction mixture was diluted with 
dichloromcthanc, quenched with 10% aqueous citric acid solution, washed with water, 
dricd over anhydrous magnesium sulfate, filtered, and concentrated to givc a residue, 
which was purified on a column of silica gel (Wakogel C-300) with hexane/ethyl acetate 
(4:l v/v) to afford 16 containing some a-anomer (1.2 g, /,'la = 3:1, 94%). The 

product was recrystallized from ethanol to givc pure 16: mp 175 - 176 "C (ethanol-hexane); 
lff/d7 + 5.7 "(c 0.O1 CHC13); 1R 1716 m-l (C=O); lH NMR (EX-270) b 7.37 - 7.04 
(m.  4 s 5H. 4 s Ph), 0.45 (s, lH,  NH), 5.57 (d,  lH, ./I, 2 = 8.2 Hz, H-l) ,  5.02 - 4.68 
(m. 3 s 2H. 3 s -CHZ-Ph), 3.96 (dd, l H ,  .I2, 3 = 8.2 Hz, H-2), 3.67 - 3.61 (m, 3H, H-3, 

H-4. and H-5). 1.19 (d, 3H, H-0). 
Anal. Ciilcd for C34H35N06: C, 73.76; H, 6.37; N, 2.53. Found: C, 74.10; H, 

027;  N, 2.58. 
Be nzy I 3,6 - D i - 0 - a l  ly I -/I- D -galactopyranoside ( 1 8 ) .  A mixture of benzyl 

/I-l)-gafactopyrrinoside (1 7)'' (1.67 g, 6.18 mmol) and bis(tributy1tin) oxide (4.7 mL, 1.5 

cquiv) in acctonitrilc (15 mL) was refluxed by using a Dean-Stark apparatus with Molecular 
Sicvcs 4A for 12 h.  To thc rcaction mixture, ally1 bromide (3.7 mL, 6.9 equiv) and 1- 
mcthjplimidzolc (0.5 mL, 1 .O equiv) wcrc added at room temperature, and the reaction 
misturc was rcfluxed for 20 h. The reaction mixture was cooled, diluted with ethyl acetate, 
stirred with saturated aqueous sodium hydrogencarbonate - potasium fluoride, filtered, and 

thc layers separated. The aqueous layer was extracted Nice with ethyl acetate. The 
combined organic layers were washed with brine and water, dried over anhydrous 
magnesium sulfate, filtered, and Concentrated to give a residue, which was purified on a 
column of silica gel with hexane/ethyl acetate (3:2 v/v) to afford 18 (1.56 g,  72%): syrup; 
[a][)25 - 48.1 (c 0.9, CHCl3); l H  NMR (FX-200) 6 7.39 - 7.26 (m, SH, Ph), 5.98 - 
5.89 (m,  2 s l H ,  2 s -CHz-CH=CH2), 5.33 - 5.21 (m, 2 x 2H, 2 x -CH2-CH=CHz), 
4.94 and 4.04 (ABq, 2H, ./A, B = 11.9 Hz, -CH2-Ph), 4.33 (d, l H ,  ./I, 2 = 7.6 Hz, H- 
l ) ,  4.24 - 4.07 (m, 2 x 2H, 2 x -CH2-CH=CH2), 4.03 (bs, lH,  H-4), 3.80 (dd, lH,  H- 
2), 3.80 (dd, lH, . I j ,  6 = 5.9 Hz,.16, 6' = 9.9 Hz, H-6), 3.72 (dd, lH,  . I j ,  61 = 5.8 Hz, 

H-6'), 3.59 (dd, lH,  H-S), 3.36 (dd, lH,  .12, 3 = 9.5 Hz, J3,  4 = 3.4 Hz, H-3 ), 
(bs, IH, 4-OH), 2.45 (bs, lH,  2-OH). 

2.52 

Anal. Calcd for C1yH2606: C, 65.12; H, 7.48. Found: C, 64.91; H, 7.30. 
Benzyl 2,4-Di-0-acetyI-3,6-di-O-allyl-/I-~-galact~pyranoside (18a) .  

Thc structure of 18 was further confirmed by derivation into its acetyl derivative 18a: 
syrup; - 33.6 "(c 1.3, CHC13); IR 1743 cm-1 (C=O); 1H NMR (FX-200) d 7.37 
- 7.26 (5H, m, 5H, Ph), 5.95 - 5.69 (m, 2 x lH,  2 x -CHz-CH=CH2), 5.46 ( l H ,  dd, 
lH,  -13, 4 =2.3 Hz, H-4), 5.33 - 5.12 (m, 2 x 2H, 2 x -CHpCH=CH2), 5.25 (dd, l H ,  
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J2,  3= 10.1Hz, H-2), 4.91 and 4.62 (ABq, 2H, J A ,  B = 12.5 Hz, -CH2-Ph), 4.44 (d, 
lH,  .Il, 2 = 8.3 Hz, H-l), 4.15 - 3.85 (m, 2 x 2H, 2 x -CH2-CH=CH2), 3.70 (ddd, lH,  
H-5), 3.50 (dd, lH, . l j ,  6 = 6.3 Hz, .16, 6 '  = 9.6 Hz, H-6). 3.51 (dd, lH,  J j ,  61 = 6.3 
Hz, H-6'), 3.47 (dd, 1H, .J2, 3 = 10.1 Hz, H-3), 2.15 and 2.04 (each s, 2 x 3H, 2 x 
OAc). 

Anal. Calcd for C23H3()08: C, 63.58; H, 6.96. Found: C, 63.51; H, 6.72. 
Benzyl 3,6-Di-O-pivaloyl-~-D-galactopyranoside (19). A mixture of 

17 (2.14 g, 7.02 mmol) and bis(tributy1tin) oxide (6.0 mL, 1.5 equiv) in tolucne (15 mL) 
w a s  refluxcd bjp using a Dean-Stark apparatus with Molecular Sieves 4A for 3 h. To the 
reaction mixture, pivaloyl chloride (2.9 mL, 3.0 equiv) was added at 0 "C, and the reaction 
mixture was refluxed for 24 h. The reaction mixture was cooled, diluted with ethyl acetate, 
stirred with saturated aqueous sodium hydrogencarbonate - potassium fluoride, filtered, 
and the organic layer separated. The aqueous layer was extracted twice with ethyl acetate. 
The combined organic layers were washed with brine and water, dried over anhydrous 
magnesium sulfate, filtered, and concentrated to give a residue, which was purified on a 
column of silica gel with hexane/ethyl acetate (2:l v/v) to afford 19 (2.99 g, 86%): mp 138 
- 139 "C (ethanol-hexane); [ a ] ~ ~  t 22.0 (c 1.0, CHC13); IR 3452 cm-1 (OH), 1716 
cm-l (C=O); lH  NMR (A-500) 6 7.37 - 7.29 (m, 5H, Ph), 4.93 and 4.63 (ABq, 2H, .IA, 
B = 11.9 Hz, -CH2-Ph), 4.82 (dd, lH,  J2, 3 = 10.1 Hz, J3, 4 = 3.4 Hz, H-3), 4.40 (d, 
lH,J1 ,  2 =  7.6 Hz, H-l), 4.35 (dd, lH,  J5,  6 = 6.1 Hz, J 6 ,  6 '  = 11.6 Hz, H-6), 4.32 
(dd, lH,  J j ,  6 '  = 6.7 Hz, H-6'), 3.96 (dd, lH,  H-4), 3.89 (ddd, lH,  .J2, OH = 3.3 Hz, 
H-2), 3.74 (dd, lH,  H-5), 2.31 (d, lH,  2-OH), 2.18 (d, l H ,  J4, OH = 5.5 Hz, 4-OH), 

1.25 and 1.22 (each s, 2 x 9H, 2 x OPiv). 

Anal. Calcd for C23H3408: C, 62.99; H, 7.82. Found: C, 63.24; H, 8.30. 
Benzyl 2,4-Di-0-acetyl-3,6-di-~-pivaloyl-~-D-galactopyranoside 

(19a). The structure of 19 was further confirmed by derivation into its acetyl derivative 
19a: mp 117 - 119 "C (ether-hexane); [ o l ] ~ ~  - 42.8 O (c 1.1, CHC13); IR 1738 cm-l 
(C=O); l H  NMR (FX-200) 6 7.33 - 7.27 (m, 5H, Ph), 5.42 (d, lH,  H-4), 5.33 (dd, lH,  
-11, 2 = 8.1 Hz, J2, 3 = 10.3 Hz, H-2), 4.98 (dd, lH, J3, 4 = 3.4 Hz, H-3), 4.91 and 
4.63 (ABq, 2H, JA, B = 12.5 Hz, -CH2-Ph), 4.53 (d, lH,  H-l), 4.23 (dd, lH,  J j ,  6 = 

6.8 Hz, -16, 6' = 11.2 Hz, H-6), 4.11 (dd, lH, .Jj ,  6'  = 6.6 Hz, H-6'), 3.92 (dd, lH,  H- 

5), 2.15 and 2.00 (each s, 2 x 3H, 2 x OAc), 1.21 and 1.11 (each s, 2 x YH, 2 x OPiv). 
Anal. Calcd for C27H38010: C, 62.05; H, 7.33. Found: C, 61.85; H, 7.45. 
Benzyl 3,6-Di-O-benzyl-p-D-galactopyranoside (20) .  A mixture of 17 

(606 mg, 2.24 mmol) and bis(tributy1tin) oxide (1.71 mL, 1.5 equiv) in toluene (30 mL) 
was refluxed by using a Dean-Stark apparatus with Molecular Sieves 4A for 12 h. To the 
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reaction mixture, benzyl bromide (0.8 mL, 3.0 equiv) and 1-methylimidazole (0.54 mL, 
3.0 equiv) were added at room temperature, and the reaction mixture was refluxed for 20 
h. The reaction mixture was cooled, diluted with ethyl acetate, stirred with saturated 

aqueous sodium hydrogencarbonate - potassium fluoride, filtered, and the organic layer 
separated. The aqueous layer was extracted twice with ethyl acetate. The combined 
organic layers were washed with brine and water, dried over anhydrous magnesium 

sulfate, filtered, and concentrated to give a residue, which was purified on a column of  
silica gel with hexane/ethyl acetate (21 v/v) to afford 20 (768 mg, 76%): syrup; [*]I>’’ 

- 35.6 * (c 1.1, CHC13); IR 3450 cm-l (OH); 1H NMR (500 MHz) b 7.38 - 7.25 (m, 3 x 
2 H , . l ~ ,  B = 12.2 Hz, -CHz-Ph), 4.59 (s, 2H, -CHz-Ph), 4.32 (d, lH,  .I1, 2 = 7.9 Hz, 
H-l) ,  4.02 (d, l H ,  H-4), 3.85 (ddd, l H ,  .12, 3 = 9.2 Hz, H-2), 3.82 (dd, l H ,  .1j, 61 = 

5.8 Hz, .16, 6’ = 9.9 Hz, H-67, 3.76 (dd, lH,  .l5, 6 = 6.1 Hz, H-6), 3.57 (dd, lH,  H-5), 
3.40 (dd, l H ,  .l3, 4 = 3.1 Hz, H-3), 2.50 (bs, l H ,  4-OH), 2.41 (bs, lH,  2-OH). 

Anal. Calcd for C27H3()06: C, 71.98; H, 6.71. Found: C, 71.67; H, 6.54. 
Benzyl 2,4-Di-O-ace tyl-3,6-di-O-benzyI-/l-I)-galactopyranoside 

(20a). The structure of 20 was further confirmed by derivation into its acetyl derivative 
20a: syrup; [alu” - 7.9 (c 1.2, CHC13); IR 1746 an-1 (C=O); 1H NMR (FX-270) 6 
7.36 - 7.23 (m, 3 s 5H, 3 x Ph), 5.59 (dd, lH,  J3,  4 = 3.4 Hz, J 4 ,  j = 1.0 Hz, H-4), 
5.18 (dd, lH,  . I I ,  2 = 8.1 Hz, -12, 3 = 10.1 Hz, H-2), 4.89 and 4.53 (ABq, 2H, .IA, B = 

11.9 Hz, -CHz-Ph), 4.69 and 4.37 (ABq, 2H, JA, B = 12.5 Hz, -CHz-Ph), 4.58 and 

5.6 Hz,.15, 6 ’  = 7.1 Hz, H-5), 3.62 (dd, l H ,  J6,  61 = 9.2 Hz, H-6), 3.55 (dd, lH,  H- 

6 ’ ) ,  3.48 (dd, lH,  H-3), 2.10 and 1.98 (each s, 2 x 3H, 2 x OAc). 

4.49 (ABq, 2H, .lA, B = 12.2 Hz, -CHz-Ph), 4.39 (d, l H ,  H-l) ,  3.71 (ddd, l H ,  .l5, 6 = 

Anal. Calcd for C31H3408: C, 69.65; H, 6.41. Found: C, 69.38; H, 6.59. 
Benzyl 3,6-Bis(O-allyloxycarbonyl)-/l-D-galactopyranoside (21). A 

mixture of 17 (200 mg, 0.74 mmol) and bis(tributy1tin) oxide (0.57 mL, 1.5 equiv) in 
toluene (25 mL) was refluxed by using a Dean-Stark apparatus with Molecular Sieves 4A 
for 3 h. To the reaction mixture, ally1 chloroformate (0.24 mL, 3.0 equiv) was added at 
room temperature. and the reaction mixture was stirred for 24 h. The reaction mixture was 
cooled, diluted with ethyl acetate, stirred with saturated aqueous sodium 

hydrogencarbonate - potassium fluoride, filtered, and the organic layer separated. The 
aqueous layer was extracted with ethyl acetate twice. The combined organic layers were 
washed with brine and water, dried over anhydrous magnesium sulfate, filtered, and 
concentratted to give a residue, which was purified on a column of silica gel with 
hexanc/ethyl acetatc ( 2 1  vh.) to afford 21 (251 mg, 81%): syrup; ( a ] ~ ~  - 17.3 (c 2.3, 
CHC13); 1R 3532 cm-l (OH), 1742 cm-1 (C=O); lH NMR (A-500) S 7.37 - 7.23 (m, 
j H ,  Ph), 6.02 - 5.87 (m, 2 x lH,  2 x -CHz-CH=CH2), 5.42 - 5.27 (m, 2 x 2H, 2 x 
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-CH2-CH=CH2), 4.94 and 4.63 (ABq, 2H, ./A, B = 11.5 Hz, -CH2-Ph), 4.70 (dd, IH, 
.I?, 3 = 10.2 Hz, .l3, 4 = 3.2 Hz, H-3), 4.68 - 4.62 (m, 2 x 2H, 2 x -CHz-CH=CH?_), 

O'), 4.41 (d, lH, . / j ,  2 = 7.9 Hz, H-I), 4.13 (ddd, 1H,./4. j = 1.0 Hz,./3, OH = 5.0 Hz, 
H-4), 3.94 (ddd, IH, -12, OH = 3.0 Hz, H-2), 3.77 (ddd, l H ,  H-5). 2.38 (d. I H ,  ?-OH), 

4.44 (dd, IH, .Ih, 6 '  = 11.2 Hz,./j,  6 = 6.6 Hz, H-6), 4.39 (dd, l H ,  ./j, 6' = 6.3 Hz, H -  

2.38 (d, 1H. 4-OH). 
Anal. Calcd for C21H26010: C, 57.53; H, 5.98. Found: C, 57.61; H. 5.87. 
Benzyl 2,4-Di-0-acetyI-3,6-bis(0-aIIyloxycarbonyl)-~-l~-galacto- 

pyranoside (21a) .  The structure of 21 was furthcr confirmed b)! dcrivation into its 
acetyl derivative 21a: syrup; [ c x ] ~ ~ ~  - 22.3 O (c 3.7, CHC13); IR 1746 cm-1 (C=O); lH 
NMR (A-500) b 7.38 - 7.26 (m, 5H, Ph), 6.01 - 5.82 (m, 2 x lH, 2 x -CHz-CH=CH?_), 
5.51 (dd. 1H. ./3, 4 = 3.6 Hz, ./4, 5 = 1.0 Hz, H-4), 5.41 - 5.24 (m.  2 s 2H, 2 s -CH?- 

CH=CH2), 5.31 (dd, IH, . / i ,  2 = 7.9 Hz, ./z, 3 = 10.6 Hz, H-2), 4.92 and 4.03 (ABq, 
2H, .IA, B = 12.5 Hz, -CHz-Ph), 4.82 (dd, lH,  H-3), 4.66 - 4.59 (m, 7 x 2H, 2 Y -CH,- 
CH=CH2), 4.51 (d, lH,  H-l), 4.30 (dd, l H ,  Jj, 6 = 6.6 Hz. Jg.6 '  = 11.2 Hz, H-h), 
4.23 (dd, l H ,  ./j, 6 '  = 5.6 Hz, H-6'), 3.91 (ddd, lH,  H-5), 2.25 and 2.01 (cach \, 2 

x 3H, 2 x OAc). 
Anal. Calcd for C2jH30012: C, 57.47; H, 5.79. Found: C, 57.46; H. 5.75. 

2,4-Bis(O-trifluoromethylsulfonyl) Derivatives of 18,  19 ,  20,  and 

General Procedure: Synthesis of Benzyl 3,6-Di-O-pivaIoyl-2,4- 
b i s ( 0- t ri fl uo rom e t h y I s ul fo n y I )  -/3- L) -g alac to py ra n 0s ide ( 2 3 ) . To a solution of 

19 (2.21 g, 5.04 mmol) in pyridine and dichloromethane (6:1, 17.0 mL), trifluoro- 
methanesulfonic anhydride (2.5 mL, 2.9 equiv) was added under argon at - 19 "C. and thc 
rcaction mixture was stirred at room temperature for 30 min, monitoring by TLC 
{hcxanc/ethyl acctate ( 2 1  v/v)]. It was then poured into a saturated aqucous sodium 

hydrogencarbonatc solution, and separated. The aqueous layer was cxtracted thrice with 
dichloromethane. The combined organic layers were washed with brine and watcr, dricd 
ovcr anhydrous magnesium sulfate, and concentrated to give a residue, which was purified 
on a short column of silica gel with hexanelethyl acctate (3:l v/v) to afford 23 (3.47 g. 

98%): mp 147 - 144 "c (ethanol-hcxanc); [a]$ - 43.5 O (c 1.3, CHC13); IR 1743 cm-l 
(C=O); 1H NMR (EX-270) b 7.38 - 7.31 (m, 5H, Ph), 5.29 (d, lH,  ./3. 4 = 3.6 Hz, H-  
4), 5.12 (dd, 1H. ./2, 3 = 10.6 Hz, H-3), 4.99 (dd, lH,  .II. 2 = 7.0 Hz, H-?), 3.91 and 

2 1 .  

4.70 (ABq. 2H,.IA, B =  11.2 Hz, -CH2-Ph), 4.69 (d, l H ,  H-l), 4.41 (dd, LH. J j ,  (1 = 

9.6 Hz, ./6, 6' = 14.2 Hz, H-6), 4.01 (dd, lH,.15, 6' = 7.6 Hz, H-h'), 4.01 (dd, 1H. H- 

5 ) ,  1.28 and 1.22 (each S, 2 x 9H, 2 x OPiv). 
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Anal. Calcd for CzjH32FhOl2S2: C, 42.73; H, 4.59. Found: C, 33.20; H,  

3.52. 
Benzyl 3 ,6-Di-0-aI ly l -2 ,4-bis (0- tr i f luoromethylsul fonyl ) -~-~-gala-  

ctopyranoside (22). In a similar manncr as mcntioncd abovc, 22 was cibtaincd in 
quantitativc !+Ad: syrup; I c ~ / i ) ' ~  - 15.7 O(c 1.1, CHCl3); l H  NMR (A-500) b 7.38 - 7.261 

(m. 5H. Ph), 5.99 - 5.83 (rn. 2 s LH, 2 x -CHz-CH=CHz), 5.35 - 5.23 (m,  5H, 2 x 
-CHz-CH=CHz and H-4), 4.90 and 4.68 (ABq, 2H, .IA, B = 11.7 Hz, -CHz-Ph), 4.77 

(dd, lH. . I l ,  2 = 7.9 Hz, . I? ,  3 = 9.9 Hz, H-2), 4.57 (d, lH,  H-1), 4.30 - 3.95 (m, 2 x 
2H, 2 x -CH2 -CH=CHz), 3.79 (dd, lH,  -15, 6 = 7.9 Hz, .16, 6 '  = 9.5 Hz, H-h), 3.70 
(dd. lH,  . / j ,  6 '  = 9.2 Hz, H-h'), 3.64 (dd, lH,  .13, 4 = 3.0 Hz, H-3), 3.55 (dd, lH,  H- 

5). 

Anal. Calcd for C21H24F6010S2: C, 41.04; H, 3.94. Found: C, 41.33; H, 

3.99. 
Ben z y I 3,6 - D i - 0- be n z y I - 2,4 - b i s ( 0- t r if1 uo ro me t h y I s u I fo n y I )  -p- D - ga I - 

actopyranoside (24). In a similar manncr as mentioned above, 24 was obtained in 
quantitative yield: mp 88 - 89.5 "C (diethyl ether-hexane); [ a ] ~ ~  + 4.6 (c 1.0, CHC13), 
I H  NMR (A-500); b 7.40 - 7.25 (m, 3 x 5H, 3 x Ph), 5.44 (dd, l H ,  J3,  4 = 2.4 Hz, H- 
4), 4.86 and 4.64 (ABq, 2H, .IA, B = 11.6 Hz, -CHz-Ph), 4.83 and 4.55 (ABq, 2H, JA, 
B = 10.7 Hz, -CH2-Ph), 4.81 (dd, lH,  .I1, 2 = 7.9 Hz, .12, 3 = 9.9 Hz, H-2), 4.65 and 

4.44 (ABq, 2H, .If,, B = 11.3 Hz, -CH2-Ph), 4.53 (d, lH,  H-l), 3.74 (dd, lH,  .Ij, 6 = 

6.1 Hz, . l6, 6 '  = 12.5 Hz, H-6), 3.73 (dd, lH,  .Ij, 6' = 6.1 Hz, H-6'), 3.67 (dd, l H ,  H- 

3) ,  3.63 (ddd, l H ,  H-5). 
Anal. Calcd for C2yH28F6010S2: C, 48.74; H, 3.95. Found: C, 48.28; H, 

3.83. 
Benzyl 3,6-Bis(0-allyloxycarbonyl)-2,4-bis(O-trifluoromethylsulfo- 

nyl)-/%D-galactopyranoside (25). In a similar manner as mentioned above, 25 was 
obtained in quantitative yicld: mp 49 - 51.5 "C (diethyl ether-hexane); [a]n2j - 5.3 (c 1.7, 
CHC13); IR 1758 cm-1 (C=O): IH NMR (A-500) 6 7.39 - 7.34 (m, 5H, Ph), 6.00 - 5.83 
(m, 2H, 2 s -CH?-CH=CH2), 5.43 - 5.32 (m, 2 x 2H, 2 x -CH2-CH=CH2), 5.29 (dd, 

H-3), 4.92 (dd, lH, .!I, 2 = 7.3 Hz, H-2), 4.91 - 4.73 (ABq, 2H, .IA, B = 11.9 Hz, 
1H,.13, 4 = 2.6 Hz..I4, j = 1.0 Hz, H-4), 5.00 (dd, 1H,.12, 3 = 8.9 Hz, -13, 4 = 2.6 Hz, 

-CHz-Ph), 4.64 (d, lH,  H-l) ,  4.42 (dd, 1H,.15, 6 = 6.3 Hz, J6,  6 '  = 11.2 Hz, H-6), 
4.22 (dd, l H ,  .Ij, 6 '  = 6.6 Hz, H-6'), 3.99 (ddd, lH,  H-5). 

Anal. Calcd for C23H24F6014S2: C, 39.32; H, 3.44. Found: C, 39.75; H, 
3.57. 

Benzyl 2,4-Di-0-acetyI-3,6-di-#-allyl-B-l)-mannopyranoside ( 2 6 ) .  

A misturc of 22 (832 mg, 1.35 mrnol), cesium acetate (735 mg, 2.8 equiv), and 18- 
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crown-6 (1.15 g, 3.2 cquiv) in dry tolucne (20 mL) was kept for 12 h under ultrasonication 
in a water bath. At this timc the rcaction was not completed, s o  was refluxed further for 12 
h.  The rcaction mixture was poured into a saturated aqueous sodium hydrogencarbonate 
solution and separated into two phases. The aqueous layer was extracted thrice with. ethyl 
anhydrous magnesium sulfate, and concentrated to give a residue, which was purified on 
a column of silica gel with hexane/ethyl acetate (4:l v/v) to afford 26 (406 mg, 69%): mp 
119 - 121 "C (ethanol-hexane); - 94.2 (c 1.4, CHC13); IR 1738 cm-1 (C=O); 1H 
NMR (A-500) b 7.38 - 7.26 (m, 5H, Ph), 5.95 - 5.73 (m, 2 x lH,  2 x -CH2-CH=CH2), 
5.50 (dd, lH,  .13, 3 = 3.3 Hz, H-2), 5.32 - 5.13 (m, 2 x 2H, 2 x -CH2-CH=CH2), 5.07 
(dd, lH,  .l3, 4 =.14, j = 9.8 Hz, H-4), 4.89 and 4.66 (ABq, 2H, .I& B = 12.2 Hz, -CH2- 
Ph), 4.53 (d, l H ,  .11,2 = 1.3 Hz, H-l), 4.14 - 3.85 (m, 2 x 2H, 2 x -CH2-CH=CH2), 
3.02 (dd, lH,  -15, 6 = 6.4 Hz, .16, 61 = 10.7 Hz, H-6), 3.58 (dd, lH,  J5,  61 = 3.0 Hz, H- 

6 ' ) ,  3.52 (ddd! lH,  H-5), 3.49 (dd, lH,  H-3), 2.17 and 2.05 (eachs, 2 x 3H, 2 x OAc). 
Anal. Calcd for C23H3008: C, 63.58; H, 6.96. Found: C, 63.58; H, 6.70. 
Benzyl 2,4-Di-0-acetyl-3,6-di-0-pivaloyl-~-D-mannopyranoside 

(27). A mixture of 23 (300 mg, 0.43 mmol), cesium acetate (235 mg, 2.8 equiv), and 
18-crown-6 (322 mg, 2.8 equiv) in dry toluene (10 mL) was kept for 12 h under 
ultrasonication in a water bath until the disappearance of 23 on TLC. The reaction mixture 
was poured into a saturated aqueous sodium hydrogencarbonate solution and separated into 
two phascs. The aqueous layer was extracted thrice with ethyl acetate. The combined 
organic layers were washed with brine and water, dried over anhydrous magnesium 
sulfatc, and concentrated to give a residue, which was purified on a column of silica gel 
with hexane/ethyl acetate (3:l v/v) to afford 27 (196 mg, 88%): mp 138 - 139 "C (ethanol- 
hexane); [ f f ] ~ ~ ~  - 40.4 (c 1.0, CHC13); IR 1751 cm-1 (C=O); 1H NMR (FX-200) 6 

7.36 - 7.34 (m, 5H, Ph), 5.49 (dd, l H , J i ,  2 = 0.9 Hz, .12, 3 = 3.4 Hz, H-21, 5.30 (dd, 
lH,  .l3, 4 =.14, j = 10.0 Hz, H-4), 4.96 (dd, lH,  H-3), 4.88 and 4.65 (ABq, 2H,.IA, B 
= 12.3 Hz, -CH2-Ph), 4.62 (d, lH, H-l), 4.31 (dd, lH,  .l5, 6 = 2.7 Hz, .16, 6' = 12.2 
Hz, H-6), 4.18 (dd, lH,  -15, 6'  = 6.1 Hz, H-6'), 3.64 (ddd, lH,  H-5), 2.16 and 2.01 

(each s, 2 x 3H, 2 x OAc), 1.26 and 1.12 (each s, 2 x YH, 2 x OPiv). 
Anal. Calcd for C27H38010: C, 62.05; H, 7.33. Found: C, 61.82; H, 7.23. 
Ben z y I 2,4 - D i - 0 -ace t y I - 3,6 - d i - 0 -be n z y I -p- D - m a n n opy ra n 0s id e (2 8 ) . 

A mixture of 24 (206 mg, 0.29 mmol), cesium acetate (166 mg, 3.0 equiv), and 18- 
crown-6 (228 mg, 3.0 equiv) in dry toluene (20 mL) was kept for 12 h under 

ultrasonication in a water bath. At this time the reaction was not completed, so was 
refluxed for 12 h until the disappearance of 24 on TLC. The reaction mixture was 
poured into a saturated aqueous sodium hydrogencarbonate solution and separated into two 

phases. The aqueous layers were extracted thrice with ethyl acetate. The combined organic 
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layers werc washed with brine and water, dried over anhydrous magnesium sulfate, and 
concentrated to give a residue, which was purified on a column of silica gel with 

hcxane/ethyl acetate (4:l v/v) to afford 28 (96 mg, 62%): amorphous; [ c I J D ~ ~  - 95.1 (c 
1.4, CHC13); IR 1744 an-l (C=O); l H  NMR (EX-270) 6 7.32 - 7.18 (m, 3 x 5H, 3 x 

J 4 ,  5 = 9.8 Hz, H-4), 4.90 and 4.67 (ABq, 2H, JA, B = 12.3 Hz, -CH2-Ph), 4.67 and 
4.37 (ABq, 2H, JA, B = 12.2 Hz, -CH2-Ph), 4.55 (s, 2H, -CHz-Ph), 4.51 (d, l H ,  H-l), 

6 ' ) ,  3.51 (dd, l H ,  H-3), 3.50 (ddd, lH,  H-5), 2.19 and 1.92 (each s, 2 x 3H, 2 x OAc). 

Ph), 5.60 (dd, lH,  J2, 1 = 0.8 Hz, J2, 3 = 3.3 Hz, H-2), 5.13 (dd, l H ,  .13, 4 = 9.7 Hz, 

3.67 (dd, l H ,  J j ,  6 = 6.1 Hz, -16, 6 '  = 10.7 Hz, H-6), 3.62 (dd, lH,  J j ,  6 '  = 3.1 Hz, H- 

Anal. Calcd for C31H3408: C, 69.65; H, 6.41. Found: C, 69.21; H, 6.29. 

Benzyl 2,3-Di-O-acetyl-3,6-bis(O-aIlyloxycarbonyl)-~-D-mannopyr- 
anoside (29). Areaction mixture of 25 (111 mg, 0.16 mmol), cesium acetate (91 mg, 
3.0 equiv), and 18-crown-6 (125 mg, 3.0 equiv) in dry toluene (10 rnL) was kept for 12 h 
under ultrasonication in a water bath until the disappearance of 25 on TLC. The reaction 
mixture was poured into a saturated aqueous sodium hydrogencarbonate solution and 
separated into hvo phases. The aqueous layer was extracted thrice with ethyl acetate. 
The combined organic layers were washed with brine and water, dried over anhydrous 
magnesium sulfate, and concentrated to give a residue, which was purified on a column of 
silica gel with hexane/ethyl acetate (3:l v/v) to afford 29 (74 mg, 89%): syrup; [cI]~)" 

-67.4 "(c 0.6, CHC13); IR 1758 cm-l (C=O); IH NMR (FX-200) b 7.38 - 7.28 (m, 5H, 
Ph), 6.02 - 5.82 (m, 2 x l H ,  2 x -CHz-CH=CH2), 5.56 (dd, l H ,  .I?, 3 = 3.3 Hz, H-2), 
5.41 - 5.24 (m, 2 x 2H, 2 x -CHz-CH=CH2), 5.23 (dd, lH, J3, 4 = Y.5) Hz, H-4), 4.88 
and 4.64 (ABq. 2H, JA, B = 12.2 Hz, -CH2-Ph), 4.83 (dd, l H ,  H-3), 4.68 - 4.60 (m. 3 
x 2H, 2 x -CH~-CH=CHZ), 4.60 (d, lH,  H-l) ,  4.36 (dd, lH,  .Is, 6 = 6.3 Hz, .16, 6'  = 

11.6 Hz, H-6), 4.26 (dd, l H , J j ,  6 '  = 3.6 Hz. H-6'), 3.64 (ddd, lH,  J4,  j = 9.9 Hz, H- 

5), 2.18 and 2.05 (each s, 2 x 3H, 2 x OAc). 
Anal. Calcd for C2jH30012 : C, 57.47; H, 5.79. Found: C, 57.47; H, 5.67. 
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