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AbM - The ace.ionatLon 06 la&ode with 2-methoxypkopene qfdoaded 4,6-0- 

LsopaopyPtiene hotode (2 I and 4 diacetd which, a,+~ actiy&&Lon, gave UP 

a,g-snornenti m.i_xtuae 06 7,2,6,3’-tet~4-0-4cety~-3,2’:4’,6’-d~-0-i~op~opyLidene 
tictode ( 41. Action&n 06 benzyP 64acXo6We ad,joaded the mixed acti& 

benzy-! 6,6 ‘-dL-O- (methoxyd.imethyel methyL f 61, 6 I-O- ImethoxydimethyL) methyC- 

( 7 J and 6-O- ImethoxydimeihyCI methyl- 8 -.Lzc~o&fe ( 8 I, the cyclic 4ce.M 

benzyt 4~,6’-0-~opaopyli.dene-6-&zc~o6tie (9 I and 4 diacet& wtih, U&U 

acety&U.ion gave 6enzy.t 2,6, 31-.Zai-O-4cetyL-3, 2’:4’,6’-di-O-i~op5opytXdene- 

6-~acXo&.de f 11 I. The ,$avouaed 6ounaZ.ion 06 eight-membened 3,2’-cycLic 

acet4.0 in &otose dtivtives has been 6Uhfhm demons&tied by acetontiion 

06 benzyP 2,3~,6~-~ti-O-benzyP-6-~ac~o&ie (131 and benzye 2,6,3’,6’-tti~ra- 
0-bentye-B-Lzoto6ide (12). A6 an exampee 06 the dytihetic Uy 06 th.i~ 
actionaaXon aeaction, tithe chin& macsocyclic potyhydaoxyethez 25 has been 

6ynXhenized 6tcrn benzyl 3’, 4’-O-L4op.1opyUkne-8-CactotLde. 

Acid catalyzed acetonation of oligosaccharides under standard thermodynamic conditions may af feet 

glycosidic cleavage. The mild conditions of the kinetic acetonation procedure with 2-methoxypropene’ are 

compatible with retention of the interglycosidic linkage and may afford new acetals of potential synthetic 

utility. We now report the behaviour of this reagent in reaction with lactose and with benzyl B-lactoside 

whose selectively protected derivatives are of interest in the synthesls of oligosaccharides 2,3 . 

Several isopropylldene acetals of lactose and methyl and benzyl 6 -1actosides have been 

described2’4’5-7. The kinetic acetonation of lactose with 2-methoxypropene has been previously reported by 

some of us in a preliminary communication 
4 , and structure 1 was 

tentatively assigned to the product isolated after acetylation of 

the reaction mixture on the basis of 
1 

H-n.m.r. spectroscopy. We 

now have re-investigated this reaction and have performed a 

careful study of the reaction of benzyl B-lactoside with 2-metoxy- 

propene. Since it is known’ that acetonation reactions under kinetic 

conditions give products In which the anomeric center remains un- 

substituted, the behaviour of benzyl B -1actoslde must closely 

parallel that of lactose and difficulties in product characterization 

due to the presence of anomerlc mixtures, are avoided. The course 

of the acetonation reaction have heen further investigated using 

partially protected bensyl 6-lactoside derivatives and its synthetic 
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potentiality has been shown by the one-pot synthesis of the chiral macrocyclic polyhydroxyether 25. 

RESULTS AND DISCUSPON 

Attempted acetonation of lactose with 2-methoxypropene, at OQC in the presence of toluene-p- 

sulfonic acid, resulted in a large amount of unreacted starting materiaL The reaction was then conducted at 

25QC with an excess (4.5 equivalents) of the reagent to bring about complete conversion of the initial 

lactose. Column chromatography of the reaction mixture afforded 4’,6’-0-isopropylidene lactose (2, 54%)7 

and a faster moving diacetal (21%) having the anomeric position free (doublets at 6 6.65 and 6.45, in the 

‘H-n.m.r. spectrum). Conventional acetylation of 2 gave 37. Acetylation of the diacetal gave a 2 : 3 Q , B 
anomeric mixture (n.m.r.) 

of tetraacetates which proved 
uq, 

FS 
inseparable by chromato- 

graphy. Comparison of the 
0 

9 

200 MHz ‘H-n.m.r. spectra 

0 0 OR 
of this mixture with that 

&CO of 3 showed a weak upfield 
0 a* 

shift of the H-3’ slgnal, 

leaving only the signals 
ct+s attributed to the anomeric 

and H-2 protons at lowfield; 

on the other hand, the 

signals assigned to H-2 and 

H-3 in the spectrum of 3 

were absent in the low field region of the spectrum of the diacetal tetraacetates. These observations were 

incompatible with structure 1 and indicated that the structure of the diacetal tetraacetates must be 1,2,6,3’- 

tetra-0-acetyl-3,2’:4’,6’-di-0-isopropylidene lactose (4). 

The acetonation under kinetic conditions of benzyl 6 -1actoside was then investigated using 

pyridinium toluene-p-sulfonate as catalyst and very carefully controlled experimental conditions. Pyridinium 

toluene-p-sulfonate has teen reported 
16,17 to be a mild and efficient catalyst in the protection and de- 

protection of alcohols possessing acid sensitive groups. Treatment of benzyl B-lactoside with 2-methoxy- 

propene (2 equiv.) at OQC under argon, in the presence of pyridinium toluene-p-sulfonate gave (t.1.c.) a 

mixture whose composition rapidly changed. After 90 min the main reaction product (45% after chromato- 

graphy) was benzyl 6,6’-di-O-(methoxydlmethyl) methyl-B-lactoside (5). The 13C-n.m.r. spectra of 5 showed 

signals for methyl (24.5 and 24.7 p.p.m_), methoxy (48.4 and 48.5 p.p.m.) and acetal (100.4 and 100.2 p.p.m.) 

carbon atoms respectively. Conventional acetylation of 5 gave a penta-acetate (6). A shorter reaction time 

(20 min) allowed the isolation of 5 (lo%), hsnzyl 6’-0-(methoxydimethyl) methyl-6-lactoside (7, 15%), and 

6-0-methoxydimethyl) methyl-6-lactoside (8, 6%). The l3 C-n.m.r. spectra of these compounds showed signals 

for the methoxy (48.4 and 48.5 p.p.m., respectively), and methyl (24.4 and 24.7, and 24.8 p.p.m. respectively) 

groups. After a longer reaction time (20 h), benzyl 4’,6’-0-isopropylidene-6 -lactoside’ (9, 50 %) and two 

by-products (13% and 11%) were Isolated. The l3 C-n.m.r. spectra of these latter compounds showed signals 

for methoxy (SO.2 and 48.7 p.p.m., respectively) and methyl (29.2, 26.6, 24.5, and 18.6 and 29.1, 24.5, 24.3, 

and 18.7 p.p.m., respectively) groups. Acetylation of 9 gave 102. Acetylation of the major by-product 

afforded a triacetate the 13C-n.m.r. spectrum of which showed signals for methyl carbon atoms (29.3, 27.8, 

24.1, and 18.3 p.p.m.) and no signal assignable to methoxyl group. The ‘H-n.m.r. spectrum of this compound 

showed signals for acetoxyl ( 6 2.15, 2.05, and 2.04) and isopropylidene methyl acetal (6 1.43, 1.42, 1.34, 

and 1.33) groups and was analised by homonuclear 2D-correlation (COSY) spectroscopy (Tab.& Il. On these 

basis structure 11 was unequivocally assigned. 

When the acetonation reaction was carried out in the presence of Drierite, the same reaction 

pattern (t.1.c.) WBS observed although longer reaction time was required. With toluene p -sulfonic acid as 

catalyst in the conditions previously reported for the acetonation of lactose 
4 shorter reaction time was 

needed but the same products were formed (t.1.c.). Compound 5 in N,N-dimethylformamide, in the presence 
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of a catalytic amount of pyridfnlum toluene-p-sulfonate gave first 7,8, and banzyl B-lactoside, and then 9 

as the major product. 

The formation of cyclic acetals in 

TABLE 1 

‘H-n.m.&. daXa (64caLe, J, in Hz) 605 compound 11, 

a6 obtained by tie-dimenh.onat 6peotmdcopy 

H-l 4.47 
J&2 

8.2 

acetal-exchange reactions is believed to 

proceed 8,9 VAA mixed-acetal intermediates. 

These compounds have been isolated in the 

acetalation reaction of methyl-a-D-gluco- 

pyranoside with benzophenone dimethyl 

acetal lo and of several D-gluco- and D- 

H-2 5.02 J2,3 9.4 

H-3 3.81 J3,4 8.0 

H-4 4.11 J4,5 9.6 

H-5 

H-6a 

H-6b 

H-l’ 

H-2’ 

H-3’ 

H-4’ 

H-5’ 

H-6’a 

H-6’b 

3.47 

4.55 

4.14 

4.40 

4.65 

4.29 

3.30 

3.95 

3.80 

3.2 

2.1 

12.0 

9.6 

3.6 

1.0 

2.2 

1.5 

12.8 

galacto-pyranosides with 2,2-dimethoxypropane and acetophenone dimethyl acetal 
11 

and can be synthesised 

by the reaction of alcohols with a-haloethers 
12 

or enol ethers13,14. The acetonation reaction with 2-alkoxy 

propenes could be envisaged1 as proceeding by Initial attack at the most accesible hydroxyl group to give 

a mixed-acetal intermediate, with subsequent ring closure at the hydroxyl group, then the most sterically 

available. However, mixed-acetal derivatives have not been frequently isolated in the reaction of 2-alkoxy- 

propene with sugars although some examples have been reportedl*. As postulated ‘, these mixed-acetals 

seem to equilibrate before ring-closure to give the kinetlcally controlled cyclic acetals. The isolation, after 

acetylation of the acetonation products, of the diacetal derivatives 4 and 11, bearing a 4’,6’-acetal 

substituent and a second acetal grouping spanning O-2’ In a eight-membered ring that engages O-3 instead 

of O-6 as previously reported 
4 , p arallels previous results in the reaction of maltose wlth 2,2-dimethoxy- 

propane 
15 

and possess some interesting questions. The isolation of 11 after acetylation of an acetonation 

product whose 
13 

C-n.m.r. spectra clearly showed the presence of a methoxyl group seems to indicate that, 

in some cases, ring-closure may take place in the acetylation conditions and that the structure of the 

acetonatlon products cannot always be inferred from the structure of the isolated acetylation compounds. 

We have also observed that acetylation of either 7 or 8 gives complex mlxtures even when the reaction 

was prformed at low temperature. The formation of 4 and 11 could be interpreted by attack of the 

reagent to the relatively reactive HO-2’ and subsequent ring-closure with participation of HO-3. We have 

not been able to characterize the intermediate 2’-O-(methoxydimethyl) methyl derivative although the 

major by-product whose acetylation afforded 11 could possible have such structure. The presence of 6 and 

8 in the reaction mixture and our failure to isolate products in which HO-6 is Involved in a cyclic acetal 

may also indicate that the formation of the eight-membered 3,2’-cyclic acetal instead of the nine- 

membered 6,2’-cyclic acetal may be somehow favoured in our acetonatlon/acetylation conditions. 

In order to obtain new data which may be of interest in the study of this reaction we have 

synthesised benzyl 2,6,3’,6’-tetra-0-benzyl-B-lactoside (12) and benzyl 2,3’,6’-tri-0-benzyl-B-lactoside (13) 
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and have studied the reaction of these compounds with 2-methoxy- 

propene. Treatment of benzyl B-lactoside with bis-tributyltin oxide 

and subsequently with benql bromide in the presence of N-methyl- 

imidazole3 gave 12 (47%) after 28 h. Conventional acetylation of 12 

afforded a triacetate (14) whose ‘H-n.m.r. spectrum showed low- 

field signals for H-4’, H-3, and H-2’. When the benzylation reaction 

was stopped after 7 h, the tri-0-benzyl derivative 13 was obtained 

In 50% yield. This compound gave, after acetylatlon, a tetra-O- 

acetate (15) the ‘H-n.m.r. spectrum of which showed low-field 

signals for H-4’, H-3, H-2’ and H-6. Reaction of 12 with 3 equiv. 

of 2-methoxypropene at OQC for 24 h gave benzyl 2,6,3’,6’-tetra-O- 

benzyl-3,2’-0-isopropylidene-g-lactoside (16, 61%) and unreacted 1% 

Conventional acetylation of 16 gave a monoacetate (19) the LH-n.n.r. 

spectrum of which showed a low-field signal for H-4’ at 6 5.56. 

Treatment of 13 with 2 equlv. of 2-methoxypropene at OQC for 19 h 

gave benzyl 2,3’,6’-tri-O-benzyl-6-0-(methoxydlmethyl) methyl-3,2’-0-isopropylidene-B-lactoside (17, 36%), 

benzyl 2,3,6’-trl-O-benzyl-3,2’-O-isopropylidene-B-lactoside (18, 17%) and a compound which spontaneously 

transformed into 13 (20%). The ‘H-n.m.r. spectrum of 17 showed a signal at 6 3.19 assigned to the 

methoxyl group protons and four signals at 6 1.42, 1.36, 1.31, and 1.30 for the isopropylidene group methyl 

protons. This compound gave, after conventional acetylation and subsequent mild acid hydrolysis, a mono- 

acetate (29) whose IH-n.m.r. spectrum showed a low-field signal at 6 5.54 asslgned to H-4’. Acetylation 

of either 20 or 18 afforded diacetate 21. 

It could be concluded from the above acetonation experiments that in our reaction conditions 

the eight-membered 3,2’-cyclic acetal ring is easily formed and that cyclic acetal formation involving 

HO-6 seems to be somehow precluded In these lactose derivatives. These experiments also shows how kinetic 

acetonation can be used to prepare a series of lactose derivatives with high synthetic potentiality. As an 

example, 6,6’-dihydroxy derivatlves can be easily syntheslzed in one-pot reaction with reasonable yield. 

Thus, the chiral macrocyclic poly-hydroxyether benzyl 2,3,2’-trl-0-~nzyl-3’,4’-O-isopropylidene-6,6’-0- 

(3,6,9-trloxaundecane,l,ll-diyl)-g-lactoside (25) has been easily prepared from benzyl 3’,4’-0-isopropylidene 

-g-lactoside (22). Reaction of 22 with 2-methoxypropene in the usual condittons for three hours, sub- 

sequent treatment with benzyl bromide and sodium hydride overnight, and final mild acid hydrolysis 

afforded benzyl 2,3,4-trl-O-benzyl-3’,4’-O-isopropyldiened-lact~ide (23) in 42% yield in one-pot. Acetyl- 

ation of 23 afforded a diacetate (24) the ‘H-n.m.r. spectrum of which showed low-field signals for H-6 

and H-6’ between 6 4.5 and 4.1. Condensation of 23 with tetraethylene glycol ditosylate in the presence 

of sodium hydroxyde gave 25 in 43% yield. The f.a.b. mass spectrum of 25 gave a peak (90%) at m/z 923 

corresponding to Ih4 + Na+l and the microanalytical and ‘H- and l3 C-n.m.r. data were in agreement with 

this structure. 
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24.5, 24.3, and 18.7. 

Acetylation of the fastest-moving by-product (0.13 g) conventionally with acetic anhydride 

(0.39 mLf in pyridjne (1.30 mLf gave 11 (0.09 gf after 3 days. 13C-N-m.,. data (CDC13): 101.9, 99.3, 99.2, 

98.4, 29.3, 27.8, 24.1, and 18.3. For lH-n.m.r. data, bee Table 1. 

Compound 9 was identical jn all respects to benayl 4’,6’-0-isopropylidene-8 -lactoside2 and 

gave, after acetylation, compound 10 identical in all respects to benayl 2,3,6,2’,3’-penta-0-acetyl-4’,6’-O- 

isopropylidene-B-lactoside (10)2. 

&?myt 2,6,3’,6’-tet~a-0-benzyf-B-eaotodWe (lZ).- Benzyt 6-lactoside (1 g, 2.3 mmol) in 

tojuene (75 mL) was treated with 311 molecular sieves (5.5 g) and bis-tri-n-butyltinoxide(4.75 mL , 9.3 
mmol) overnight, with stirring at 120QC and under argon. The mlxture was cooled at 9SQC and benzyl bromlde 

(10 mL) and N-methylimidarole(0.55 mt, 6.7 mmol) were added and stirring continued at the same 

temperature for 28 h. The mixture was filtered, washed with hot chloroform-meth~of, and evaporated. 

The residue was treated with hexane (200 mLf and kept overnight at -lOQC. After decantation, the sirupy 

residue was introduced in a silica gel column. Elution with 2:l chloroform-ethyl acetate gave 12 (0.85 g, 

47%) as a sirup. Ielf -11.4Q (c 0.5, chloroform). 13C-N.m.r. data (75 MHz, CDC13): 6 138.9, 137.8, 137.6, 

128.6, 128.4, 127.9, 127.4, 126.9, 104.2, 102.3, 83.3, 81.4, 80.5, 74.8, 73.8, 73.6, 73.3, 72.3, 71.2, 71.0, 

69.9, 69.2, and 66.7. (Found: C, 70.83; H, 6.54. Cajcd. for C47H52011: C, 71.19; H, 6.61). 

Sertzyt 3,2’,4’-t~i-O-acety~-2,6,3’,6’-tet~a-U-b~zy~-8-~a~o~~~ (14).- Acetyiatjon of 12 

conventionally with acetic anhydride in pyridjne gave 14 as a syrup. 1011 D +23.8* (c, 0.4, chloroform). 

‘H-N.m.r. data (CDC13): 6 7.20-7.40 (m, 25H, aromatlc), 5.51 (d, lH, J,, 4, 3.1 Hz, H-4’), 5.08 (t, lH, 
, 

J2,3 = J3,4 9.5 Hz, H-31, 4.90 (dd, Hi, Jl,,,, 8.0, J,,,,, 9.8 Hz, H-2’), 3.80 (t, lH, J3,4 2 J4,5 9.5 Hz, 

H-41, 3.27 (dd, lH, J2, 3, 9.8, J,, 4, 3.1 Hz, H-3’), 2.10, 1.96, 1.90 (3s, 3H each, 3 AC). (Found: C, 68.98; 

H, 6.19. Cafcd. for C53h58014: C,‘69.26; H, 6.36). 

Benzy,f 2,3’,6 ‘-~ttri-O-benzye-6-Laoto6~ide (i3).- Benzyl g-lactoside (1.5 g, 3.47 mmoj) in 

tojuene (100 mL) was treated with 311 molecular sieves (6 g) bis-tri-a-butyltln oxide (7.13 mL, 14.0 mmol) 

overnight at 120QC with stirring, under argon. The mixture was cooled at 95QC and benzyl bromide 

(10 mL) and N-met~ylimi~le (0.28 mL, 3.47 mmolf were added and stirring continued at 95QC for 7 h- 

The mixture was then treated as described for 12 Compound 13 fr.21 g, 50%) was obtained as a solid, m-P+ 

109-lllQC, let”0 -4.19 (c, 0.7, chloroform). L3C-N.m,r. data (75 MHz, CDCj3): 6 138.8, 137.7, 137.4, 

128.5, 128.1, 127.9, 127.4, 126.9, 103.9, 102.3, 82.1, 81.4, 80.8, 75.3, 74.7, 74.1, 73.6, 72.0, 71.3, 70.2, 

69.3, 66.4, 64.8, and 62.3. (Found: C, 68.05; H, 6.52. Calcd. for CqoHq6Dj1: C, 68.36; H, 6.60). 

jiertzye 3,6,2’,4~-tet~a-u-a~etye-Z,3~,6~-~~~-0-benzye-8-ec~a~~~ (lS).- Acetylation of 13 

conventionally with acetic anhydride-pyridine afforded 15 as a syrup, Ia 12i +31.9* (c, O-9, chloroform). 

‘H-N.m.r. (CDC13): 6 7.10-7.30 (m, ZOH, aromatic), 5.55 (d, lH, J,, 4, 3.6 Ha, H-4’), 5.13 (t, lH, J2,3 s 
7 

J3,4 9.1 Hz, H-31, 4.98 (dd, 1H, J,, 2, 8.0, J,, 3, 10.0 Hz, H-2’), 4.53 (d, IH, J,,, 7.6 Hz, H-l), 4.41 (dd, 

lH, J5,fM 1.8, J6a 6b 11.7 Hz, H-6&, 4.33 (d: lH, J,, 2, 8.0 HZ, H-i’), 4.09 (dd, lH, J5 6b 5.2, J,6b 

11.7 Hz, H-6b), 3,;s (dd, lH, J, 4 9.1, J, 5 9.5 Hz, H-)4), 3.57 (m, IH, H-51, 3.42 (dd, lb, J,, 3, ld.0, 

J,, 4, 3.6 Ha, H-3’), 3.34 (dd, l;r, J, 2 7.6, J2 3 9.1 Hz, H-2). 2.07, 2.06, 2.00, 1.86 (4s, 3H each: 4 AC). 

(Fdund: C, 66.59; H, 6.28. Cajcd. for b48H5401’l: C, 66.19; H, 6.25). 

~~~~~~ 06 bmzy.e 2,6,3’,6’-tetaa-0-benzy~-8-Laoto6W1? (12).-Compound 12 (O-3 g, 0.38 

mmoj), in N,N-~methylformamide (3 mL) was treated wjth 2-methoxyptopene (0.11 mL, 1.18 mmojf and 

pyrjdjnjum tojuene-p-sujfonate (3 mg) at OQC under argon and with stirring for 24 h. The mixture was 

neutralized with sodjum carbonate, filtered, and concentrated and the residue ~8s chromatographed on a 

column of silica gel. Ejutjon with 7:2 hexane-ethyl acetate gave benayl 2,6,3’,6’-tetra-O-benayj-3,2’-D- 

jsopropylidene-fl-lactoside (16, 0.19 8, 61%) and unreacted 12 (0.04 g). Compound 36 had m.P. 131-133*C 

(7:2 hexane-ethyl acetate), 10 1: -28.6Q (c 0.5, benzene). ‘H-N.m.r. data (d6-acetone): 6 7.4 (m, 25H, 

aromatic) 4.55 (d, IH, J, 27.8 Hz, H-l), 4.47 (d, IH, Jl 2 8.6 Ha, H-l’), 4-30 (dd, J2,,3, 9.7 Ha, H-2’), 
, t 
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4.16 (m, lH, H-4’), 4.06 (m, lH, H-5’), 4.00 (dd, lH, H-6a), 3.82 (m, 2H, H-3, H-41, 3.75 (m, 2H, H-6’b: 

H-6’4, 3.62 (m, lH, H-6b), 3.54 (m, IH, H-S), 3.48 (dd, lH, Jp,,tt 2.1 Hz, H-3’), 3.22 (m, IH, H-2), 2.10 

(s, 3H, Me) and 1.04 (s, 3H, Me). “C-N.m.r. data (d6-acetone): 146.4-144.5 (aromatic), 137-134.4 

(aromatic), 109.1 (anomerlc), 109.0 (acetalic), 107.3 (anomerlc), 35.2 (Me), 31.3 (Me). (Found: C, 72.35; 

H, 6.48. Calcd. for C50HS6011: C, 72.09; H, 6.78). 

8enzy.c 4’-0-acety~-Z,6,3’,6’-tet~a-O-benzyC-3,2’-O-~opsopy~en~~-~~o~~~ (19).- 

Acetylation of 16 conventionally with acetlc anhydride-pyridine gave 19, lo 1E -27.4Q (c 0.5, benzene). 

lH-n.m.r. data (CDC13): 6 5.56 (d, lH, J,, 4, 2.6 Hz, H-4’), 2.10 (s, 3H, 1 AC), 1.41 and 1.32 (2s, 3H 

each, 2 Me). (Found: C, 71.56; H, 6.79. Calid. for CS2HS8012: C, 71.38; H, 6.68). 

Acetonetion 06 b~nzy!_ 2,3’,6’-t~-0-benzye-B-eactoaide (13).- Compound 13 (0.22 g, 0.31 

mmol) in N,N-dlmethylformamide (1.6 mt) was treated wfth 2-methoxypropene (0.06 mL, 0.64 mmol) and 

pyridinium toluene-p-sulfonate (3 mg) at OQC, under argon for 19 h. The mixture was neutralized with 

sodium carbonate and concentrated to give a residue which was chromatographed on a column of silica gel. 

Elution with 5: 1 hexane-ethyl acetate gave first benzyl 2,3’,6’-tri-0-benzyl-3,2’-0-isopropylidene-6-0- 

(methoxydimethyl) methyl-Wactoside (17, 0.09 g, 36%) as an unstable syrup. ‘H-N.m.r. data (C6D6): 

63.19 (s, 3H, OMe), 1.42, 1.36, 1.31, and 1.30 (4-s. 3H each, 4 Me). Compound 17 (0.19 g) was 

conventlonally acetylated with acetic anhydride-pyridine overnight. Evaporation of the mixture gave a 

residue which was treated with acetone (7 mL) and pyri~nium toluene-p-sulfonate (3.5 mg) at room 

temperature for 2 h The mixture was neutraliqed with sodium carbonate, filtered and evaporated to glve a 

residue which was introduced in a column of silica gel. Elution with 7:3 hexane-ethyl acetate gave pure 

benzyl 4-0-acetyl-2,3’,6’-tri-O-tw?nzyl-3,2’-O-isopropylidene-6 -lactoside (20, 0.14 g, 78%) as a syrup, 

Ical: -12.29 (c, 0.4, chloroform). I H-N-m.1 data (CDC13): 6 7.20-7.40 (m, 20H, aromatic), 5.57 

(d, 1H, J,, 4, I 
3.2 Hz, H-4’), 2.11 (s, 3H, 1 AC), 1.44 and 1.33 (2s, 3H each, 2 Me). (Found: C, 68.55; H, 

6.70. Calcd. for C4SHS2012: C, 68.86; H, 6.68). 

Elution with 2: 1 hexane-ethyl acetate gave benzyl 2,3’,6’-tri-O-benzyl-3,2’-O-isopropylidene- 

6-lactoside (18, 0.041 g, 1796)which was conventionally acetylated with acetic anhydride-pyridine to give 

benzyl 6,4’-di-O-acetyl-2,3’,6’-tri-O-benzyl-3,2~0-isopropylidene-6-lactoside (21) as a sirup, 10: I’D” -30.6Q 

(c, 0.5, chloroform). *H-N.m.1. data (C6~6): 6 7.10-7.30 (m, 20H, aromatic), 5.50 td, IH, J3~,4* 

3.4 Hz, H-4’), 1.63 and 1.54 (Zs, 3H each, ZAc), 1.42 and 1.39 (b, 3H each, 2 Me). 13C-N.m.r. data 

(CDC13, 75 MHz): 6 170.4, 169.7 (CO), 102.4, 102.1, 100.2 (CMe2, C-l, and C-l’), 60.3, 78.2, 77.2, 73.7, 

73.4, 72.8, 71.9, 71.1, 67.7, 67.4, 63.5, 28.3, 24.4, and 20.8. (Found: C, 68.10; H, 6.70. Calcd. for 

C47HS4013: C, 68.26; H, 6.58). This compound was also obtained by conventional acetylation of 20. 

Finally, a compound was eluted (0.055 g) which was spontaneously transformed into 13. 

Benz@ 2,3,2’-.ttL-O-benzyfl-3’, 4’-iU.&~pzopyCidene-8 -lactoGde (23).- Benzyl 3’,4’-O-iso- 

propylidene-B-lactoside (22, 1.5 g, 3.18 mmol) in N,N-dlmethylformamlde (15 mL) was treated with 2- 

methoxypropene (0.9 mL, 9.5 mmol) and pyridlnium toluene-p-sulfonate (5 mg) for 3 h at OK under argon. 

Sodium hydride (1.1 g) and benzyl bromfde (2 mL, 16.8 mmol) were then added and the mixture ~8s kept 

overnight at room temperature with stirring. Methanol (3 mL) and water (3 mL) were successively added 

and then toluene-gsulfonic acid until the mixture was slightly acidic (pH 3-4) and the mixture stirred for 

10 min. Aqueous sodium hydrogen carbonate was then added and the mixture extracted with dichloro- 

methane, and the extracts were dried (Na2S04) and evaporated to give a syrup which was chromatographed 

on a silica gel column. Elution with 2:3 hexane-ethyl acetate gave pure 23 (1 g, 42%) as a syrup, Ia IE 

+21.9 (c, 0.5, chloroform).‘H-N.m.r. data (CDCI&: 6 7.28-7.35 (m, 20H, aromattc), 4.54, 4.47 (2d, 1H each 

H-l, H-l’), 4.20 ft, lH, J2,,3, 2 J,,,,, 6.3 Hz, H-3’), 4.09 fdd, lH, J4,,S, 2.0 Hz, H-4’), 3.87 (t, lH, 

J3.4 u J4.5 
9.1 Hz, H-41, 3.83 (m, 2H, H-6a, H-6b), 3.73 ( m, lH, H-S’), 3.58 (m, 3H, H-3, H&a, H-6’b), 

3.43-3_39’(dd each, 1H each, H-2, H-2’), 3.28 (m, lH, H-S), 1.40 and I.33 (2s~ 3H 

data (CDC13, 7S 

79.8, 76.3, 75.7, 

for C43HS0011: 

MHz): 6 138.5-137.3 (C-.+&o), 128.2-127.6 (aromatic), 110.1, 102.7, 

75.5, 75.0, 74.0, 73.2, 71.3, 62.0, 60.9, 27.9, and 26.3. (Found: G 

C, 69.52; H, 6.78). 

each, Me). 13C-N.m.r. 

101.9, 82.9, 81.9, 80.5, 

69.41; H, 6.69. Calcd. 
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8enzy.t 6, 6-d~-O-acety&-2,3,2’-~~-0-b~nzy~-3’,4’-O-~op~opy~ene-8-Caotoside (24).- 

Acetylation of 23 conventionally wlth acetic anhydride-pyridine gave 24 IcI”,” +16.3* (c, 1.1, chloroform). 

‘H-N.m.r. data (CDC13): 6 7.37-7.26 (m, 20H, aromatic), 4.52 (dd, lH, J, 6a 1.7, J,, 6b 11.6 Hs, H-6a), 

4.49 (d, LH, J,,, 7.7 Hz, H-l), 4.44 (d, lH, Jl,,,, 7.7 Hz, H-l’), 4.27-4.14 (m, 4H:H-6b, H-3’, H-6’a, 

H-6’b), 4.08 (dd, lH, J4, 5, 2.0, J,,,,,, 5.5, H-4’), 3.84 (t, lH, J, 4 =! J4 5 9.2 Hz, H-4), 3.78 (m, 1% 

H-S’), 3.62 (t, lH, J, 3 8.8 Hz, H-3 ), 3.48 (m, 2H, H-2, H-S), 3.;8 (dd, ‘lH, H-2’), 2.10, 1.96 (2s, 3H 

each, AC), 1.38, 1.32 i2s, 3H each, Me). 13C-N.m.r. data (CDCI,, 75 MHz): 6 170.5, 138.8, 138.4, 138.2, 

137.2, 128.4, 127.4, 110.1, 102.2, 101.7, 82.4, 81.9, 80.2, 79.2, 77.0, 75.0, 74.9, 73.4, 73.2, 71.0, 63.3, 63.1, 

27.7, 26.2, 20.8, 20.7. (Found: C, 68.49; H, 6.94. Calcd. for C47H54013: C, 68.27; H, 6.58). 

Bmzyl z,3,2~-~~~-0-b~nzy~-31,4~-O-~opaopy~ene-6.6’-0-~3,6,9-~~ioxawtdecane-l,ll-d~~J 

-p-.&otoatie (25).- Compound 23 (0.87 g, 1.17 mmol) in dry tetrahydrofuran (25 mL) was treated with 

sodium hydroxide (1.02 g, 25.5 mmol) at 45QC with stirring for 15 mln. The mixture was then heated at 

65QC and tetraethyleneglycol ditosilate (1.5 g, 3 mmol) in dry tetrahydrofuran (30 mL) was added dropwise 

during 4 h. Stirring WBS continued for 24 h and the mlxture was then cooled, centrifuged, and concert- 

trated. The residue was dissolved in water, the solution extracted with dichloromethane, the extract dried 

(Na2S04) and concentrated. The residue was introduced in a column of silica gel and eluted wlth l:? 

hexane-ethyl acetate to give pure 25 (0.45 g, 43%) as a syrup, IeI”i +lOQ (c, 0.5, chloroform). ‘H-N.m.r. 

data (CDC13): 6 7.45-7.23 (m, 20H, aromatic), 4.59 (d, lH, J,, 2, 8.2 Hz, H-l’), 4.47 (d, lH, J, 2 7.6 Hz, 

H-l), 4.22 (dd, 1H, J4,,5, 1.6, J,,,,, 
, 

5.5 Hz, H-4’), 4.15 (t, It;, J,, 3, 5.5 Hz, H-3’), 4.13 (t, lH, J2 3 -” 

J, 4 9.1 Hs, H-3), 4.00 (dd, 1H, J,, 6b 11.4, J, 6a 2.2 Hz, H-6a),‘3.96 (m, lH, H-6’a), 3.80-3.49 ‘cm, 

20;1, H-4, H-6b, H-S’, H-6’b, IOCH’CH 01 
2 b4 

), i.45 (dd, lH, H-2), 3.37 (dd, lH, H-2’), 3.25 (m, lH, 

H-S), 1.39, and 1.36 (Zs, 3H each, Me). C-N.m.r. data (CDC13, 75 MHz): 6 139.2, 138.8, 138.7, 137.7, 

128.6, 127.3, 109.7, 102.9, 101.6, 83.0, 80.8, 79.7, 75.4, 75.3, 75.0, 74.1, 73.5, 72.5, 71.3, 71.0, 70.8, 70.7, 

70.5, 70.2, 69.6, 68.5, 28.0, and 26.5. F.a.b. mass spectrum: m/z 923 IM + Na+l (90%). (Found: C, 67.79; 

H, 7.29. Calcd. for C51H64014: C, 68.00, H, 7.11. 
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