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Abstract - The dlbutylstannylene-medlated oxidation of methyl 3’,4’-0-lsopropyl- 
Idene-a-lactoclde (1) M&r different conditions tnlng bromine as oxldIrlng alent 
haa baen incrrnigated. The regIoeelactIvIty of tMs reaction strtmgly &pen& on the 
solvent and the nature of the added base. The I-keto derivative, Isolated as the 
corresponding methyloxlmlno (10) or bensyloxlmlno (13) derivatives, Is the only 
ddatlon product when acetodtrlie Is tned as solvart and tributyltin mothoxide as 
base. The oxidation of methyl 3’,4’-0-l~propylldene-0 -1actoslde (5) under the 
same condltlons results In regl6selectlve oxidation at C-3. The simple reglo- 
selective oxidatlar of the o-anomer (1) leads,after hydrogenation of the oximes 
(10 and 13) derived from the resulting Z&to derlvatlve, to Iactosamlne derlvatlves 
in a simple and convenient m-or. 

Reglaelectlve oxldatlon of dlols, trlols, and other polybydroxy derivatives have been reported, 
l-17 

although 

the latter usually gives the duIred polybydroxy ketones in low yleld. 
16,17 

These reactions are of importance 

in synthetic organic chemistry and prticularly In carbohydrate chemistry, where the regloselective oxidation 

of an easily l vaBable starting material may afford a polybydroxy ketone which could be converted, through 

standard reactlonv, Into a valuable product in vary few steps. The advantages of this synthetic approach in 

comparison to multistep procedures are obvious and Its maIn difficulty consists In a&loving good selectivity 

and reasonable yield in the key oxidation step. 

We now report the results of a study of the dl-n -butylstannylene-mediated regloselectlve 

oxldatlon of methyl 3’,4’-O-iwpropylidene-a-(l) and -6-(S)-lactoslde. Thls study has permited a direct and 

simple synthesis of the biologically important dlsaccharlde U-acetyllactosamlne (2) In reasonable yield. N- 

Acetyllactoaamtne (2) Is a constituent of glycoprotelns, 
18,19 

blood group substances, 
18 

and human milk 

oligoaaccharides 
20 

and has been prevlously synthesized. 
21-30 

The re;loselectlve oxidation of carbohydrate 

derivatives through dl-R-bUtylstaMylMeS Is well documented 
6,15,35 

although the direct oxidation of a 

pentahydroxy derlntlve such as 1 or 5 has never been reported. 

RESULTS AND DlSCUSSlON 

Compound 1 was prepared from methyl-hepta-0-acetyl-6-Iactoslde (6)* by anomerlution with 

titanium tetrachlorlds to give a mixture of 6 and methyl-hepta-O-acetyl-a-lactoslde (7) from which 7 was 

Isolated by cryatalllsation In 60% yIe1d. Deacetylatlon of 7 followed by acetalatlon with 2,2-dlmethoxy- 

propane gave 1 in 62X yield. Two other acetalated derivatives could be isolated In low yield (13 X) from 

the acetalatlah mlxturo. probably 
31.32 

I3 and 9 [signals at 6 27.9 and 26.2 for the 3’,4’-O-lsopropylidene 

#roup Md 640.6 nul 24.0 (double Intensity) In the l3 C-n.m.r. spectra.] Compound 1 possesses only a VUL- 

s 
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dial system which, according to reported results6 using methyl 4,6-benrylldene-a-D-glucopyr~oside (3). 

may undergo regioselective oxidation on C-2 u&t the corresponding 2,3-O-di-n-butylstannylene (4). 

No reaction was observed when 1 was treated In the condltlons reported for the regioaelective 

oxldatlon of 3 (di-n-butyltln oxide, benzene, then bromine as oxldlzing agent). Several reaction conditions 

were then investigated uing different solvents and adding dlffetent bases to neutral1r.a hydrobromic acid. 
13 

The oxidation mixtures were directly reacted with 0-methyl-hydroxylarnine and the resulting ketones were 

thus isolated as the corresponding oximsr The results are shown In Table 1. Other minor products not 

included In the table were also formed (t.1.c.) but not Isolated. The best results were obtained when 

acetonltrile was used as solvent and tributyltln methoxide as hse (entry 5). In those conditions methyl 4- 

O-(3,4-O-isopropylldene-6-D-galactopyt~~yl)-2-(O-methylo~ml~) - o-D-arabino-hxopyranmlda (10) could 

TABLE 1 

Experimental conditions of the dibutylstannylene-mediated 
bromine oxfdatlon of compound 1. 

Yields correspond to isolated methyloximlno detivatlves. 

Entry Base (equiv.) Solvent 
Yield (X) 

1 10 11 

1 (1.2) benzene 100 - - 

2 (1.2) THF 72 9 12 

3 (1.2) MeCN 66 10 18 

4 (Bu3Sn)20 (1.2) MeCN 65 22 - 

5 Bu3SnOMe (1.5) MeCN 47 34 - 

in moderate yield (39%). In an attempt lo improve the yield and to 

be Isolated as the only product in 

34 X yield (64% on the basts of 1 

transformed). The IH-n.m.r. spectra 

of 10 showed a sInglet for H-l at 6 

5.72 ppm, a doublet ( J3 4 = 8.9 Hz) 

for H-3 at 6 4.58 ppm Ad a singlet 

for the 0-methyloxlmim group at 6 

3.93 ppm. It is Interesting to note 

that when the oxidation step was 

performed in the presence of 2,6-di- 

tut-butyl-4-methyl-pyrldine as a 

hue (entries 2 and 3) the 2,3-diox- 

imlnodetivatlve 11 was also formed. 

The ‘H-n.m.r. spectrum of 11 showed 

a singlet for H-l at b 5.45 ppm, a 

doublet for H-4 at b 5.05 ppm (J = 

9.0 Hz) and two singlets for the 

methyloximino groups at 6 4.10 and 

4.05 ppm. 

Treatment of 10 with hydrogen 

in the prasence of @ladium on 

charcoal and hydraxlneJ4 afforded, 

after 60 h, a mlxtute which was 

acetylated to give methyl Y-acstyl- 

3,6,2’,6’-tetra-0 -acetyl-3’,4’,-0 - 

isopropylldene a-lactoaaminids (12) 

decrease the hydrogenation time, the 
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mixture of oxidation products obtained in the condltlons 

Indicated in entry 5 of table 1, was treated with O-benzyl- 

hydroxylamlne hydrochloride since the expected 2-bentyl- 

oxlmlno derivative 13 was thought to be more readily 

hydrogenated. A minor product (14) accompanlng 13 (2: 1 

ratlo 13: 14) could be detected (t.1.c.) In the oxlmatlon 

mixture. After acetylatlon and chromatognphlc separation of 

this mixture, IS and the acstylatod 3-benxyloxlmino derivative 

16 were obtained. Compound 16 was Isolated as a mixture of 

E/2 Isomers, the * H-n.m.r. spectra of which showed the 

signals assigned to H-2 as two doublets (J = 5.5 Hz) shifted 

at low field (65.70 and 5.32), and the slgnal assigned to H-4 of the E Isomer also shlfted at low field 

(6 4.72). 

Hydrogenation of the mixture of oxlmes (13 and 14) In the above conditions was complete In 

24 h (t.1.c.). After acetylatlon of 

The oxldatlon of methyl 3’,4’- 

0-lsopropyMene-&lactosslde (5) 

In the condltlons descrlted 

above for the a-anomer gave, 

after treatment of the oxlda- 

tlon mixture with O-benzyl- 

hydroxylamine, 3-t 0 -benxylox- 

lmlno)-4- 0 -(3,4- 0 -lsopropyi- 

Idene- B -D-galactopyranosyl)-3 

-D-rlbo-hexopyranoalde (17) in 

50% yield as a 5 : 1 mixture 

of 2/E Isomers. Acetylatlon of 

17 gave, after chromatography, 

the reaction mixture 12 was Isolated In 48% yield (based on starting 13). 

the pure Isomers 18 and 19. The ‘H-n.m.r. spectra of the 2 -oxlme (18) showed vlclnal coupling constant 

values which could not be accommodated In a structure wlth the glucopyranold moiety In the 4C1 con- 

formation (J1 2 = 3.6, J, 5 = 3.0 Hz). These values could be accounted for assuming a conformatlorA 

equlllbrlum “S; z= ’ C4 of ‘this ring. The observed long range coupling *J2 4 = 0.9 Hz Is also In agreement 

wlth this conformatlonal equillbrlum. The value 3J 

lc (JC1 H5 

Cl H5 = 3.9 Hz was alsd In between those expected for 

l4 
= 6.2 Hz) and OS2 (Jcl H5 - 2.8 Hz). Cbmpound 19 spontaneously transformed Into 18. The 

H-nm.r.‘of 19 also showed vlcinal Ad long-range couplings which could be interpreted as Indlcatlve of an 

OS2 = ‘C4 conformation of the glucopyranold ring (J, 2 = 1.7, J4 5 = 3.7 and J2 4 = 1.2 Hz).42 

The observed different regloselectlvlty of t(he oxIda& reactlon dipending on the anomoric 

configuration of the starting Iactoslde CM not be easily rationalized. Sterlc repulsions of the substltuent at 

the anomerlc posltlon and the approaching oxidazlng agent may be Invoked. although favoured penta- 

coordlnatlon of tin with the anomerlc oxygen could also explaln the preferred oxldatlon at position 2 of 

the o -anomer. 

It could be concluded from the above results that polyhydroxy derlvatlves CM be oxldlzed with 

reasonable re~ebctlvlty dqmndlng on the structure of the starting material. Compound 12 is a useful 

lntermedlate for the synthesis of biologically Important N -acetyllactosamlne wntalning 011gosaccharides36-38 

and Its preparation In only two steps tnalng the oxldatlon procedure reported In thlr paper constitutes a 

further example of the potentlallty of reglobetectlve organotln derivatives activation In carbohydrate chemistry. 
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EXPERIMENTAL 

Melting points were determlned on a Kofler hot-stage apparatus and are uncorrected. T.1.c. wu 
performed on silica gel CF254 (Merck) with detectlon by charring with sulfuric acid. Column chroma- 
tography was performed on silica gel Merck (70-230). 1H-N.m.r. spectra were recorded using a Varian 
XL-300 (300 MHz) spectrometer. Carbon-proton coupling constants were measured through selective 
decoupllng39 and first order analysis of the resulting partlafly coupled 13C-n.m.r. spectrum. Routine 13C- 
n.m.r. spectra were recorded on a Btuker WP-80 (20 MHz) spectrometer. Optical rotations were datermined 
with a Perkln-Elmer 141 polarlmeter. 

Metllyf bcQca- O-acatyt-*lrctdde (7) 

Methyl heptad-acetyl-8-lactoslde 40 (6 35 g 53.8 mmol) In absolute chloroform (525 mL) was 
treated with a solution of tltantum tetrachlorldd (10.; g, 55 mmol) In absolute chloroform (90 mLj ad 
refluxed with stlrring for 5 h The mixture was then cooled, washed succes~l~ely with Ice-water, queOu 
sodium hydrogen carbonate, and water, dried (Na28D4), and flltered through charcod. The filtrate was 
evaporated to give a syrup (33 g) which 
obtained as a solld, mp 158-160° C, [a] 

crystalllxed from ethand. Compound 7 (21 g, 60%) W&S 
20 + 680 (c 0.8, chloroform). N.m.r. data (CDC13): LH, 6 5.47 (t, 

lH, J2 3 = 9.9, J3 4 = 9.1 Hz, H-3). 5.35 8, lH, J3, 4’ = 3.5 Hz, H-4’), 5.12 (dd, lH, JI’ 2’ = 7.9, J2’ 3’ - 
10.5 H;, H-2’), 4:95 (dd, lH, J2* 3’ 10.5, J31 4’ 3.5 ‘Hz, H-3’), 4.86 (d, lH, J1,2 - 3.7 H; H-l), 4.82’(dd, 
lH, Jy.2 v 3.7, J2 3 = 9.9 Hz, H-21, 4.48 (d, lk, Jl’ 2 * I 7.9 HZ, H-l’), 4.46 (dd, lH, J5 6a = 2.2, Jha,tjb = 
12.1 Hr. H&a), 4tl2 (m, 3H, H-6b, H-6a’ and H-66’), 3.90 ( m, 2H, H-5 and H-S’), 3.73 (t, J3,4’J4,5 - 
9.1 Hz, H-4), 3.39 (s, 3H, OMe), 2.16, 2.14, 2.07, 2.06, 205, 2.04 and 1.97 (7% each SH, 7Ac). (Found: 
C, 49.60, H, 5.60. Calcd. for C27H38018: C, 49.84; H, 5.89). 

MUby 3’.4’-o-fsopropyB&oe-e-lactoside (1) 

Corn 
sodium (0.2 g p” 

und 7 (10 g, 15.4 mmol) was added with stirring at room temperature to a solution of 
in methanol (100 mL). When t.1.c. (2: 1 chloroform-mettil) revealed the presence of 

only a product, the reaction mixture was neutralixed (Amberllte IR-120) and evaporated to give a syrup 
(5.7 g) wNch wu treated with acetone (250 mL), N,N’-dlmethylformamlde (9 mL), 2,Z’dlmetboxypropane 
(9 mL) and concentrated sulfuric acid (0.9 mL). The mixture was refluxed for 2 h, and then neutrallsed 
(Na2C03) and concentrated to give a residue which was chromatographed 
affording 1 (3.7 g, 60%) as a solld, mp 114-116°C, [a] 0 + 109O (c 0.51, methanol). N-m.!. data (D2D): 

b 

(ethyl acetate-mOthnOl 5: 1) 

13~ 6 112.2 (cMe2), 103.2 (c-l’), 100.1 (C-l), 80.0, 79. , 74.9, 74.6, 74.0, 72.9, 72.1, 71.4, 67.8, 62.0, 
61.2, 56.4 (OMe), 28.4 and 26.7 (2Me). (Found: C, 48.34; H, 7.12. Calcd. for C16H28Dll: C, 48.48; 
H, 7.12). 

Old&fat of metby! 3’,4’-&lsqrropyU-*factal& (1) 

A mixture of 1 (0.5 g, 1.26 mmol), acetonftrlle (20 mL), molecular sieve 4 A and dibutyltin 
oxide (0.36 g, 1.45 mmol), was stlrred at 90°C for 16 h. After cooling at room temperature, tributyltln 
methoxide (0.6 g, 1.8 mmol) was added and a solution of bromine (0.30 g, 1.9 mmol) ln dlchforomethane 
(1.3 mL) dropped for 2 h The molecular slave was flltered and washed with warm chloroform, and the 
combined filtrate and washings were concentrated. The residue was dissolved in pyridine (5 mL) and 
treated with O-benxylhydroxyl8mlne hydrochloride (0.5 g, 3.1 mmol) 8t 50°C for 30 min. The Mlutlon was 
concentrated and the residue stlrred with hex8ne (% 15 mL) and kept overnight 8t -10%. The hexane 
layer was decanted and column chromatography (15: 1 chloroform-methanol) of the syrupy residue g8ve a 
mixture (0.31 g, 50%) of methyl 2-(O-benryloximLne)-4~-(3,4~-i~propylldene-8-D-g8l8ctopyrM~yl)~-D- 
~abino-hexopyranoside (13) and methyl 3-(benzyloximine)-4~-(3,4-0-isopropylldene-8-D-gal8CtOpyrM~l) 
-a-D-Gbo-hexopyranoslde (14, mlxture E/Z) in 8 r8tio r 2: 1, respectively. Further elutlon of the column 
gave 1 (0.23 g). 

Conventional acetylation of the mixture g8V0, after column chromatography (3 : 2 hexane-ethyl 
acetate), methyl 3,6+8-O -acetyl-4- 0 -(2,6-di- 0 -acetyl-3,4-O -Isopropyfldene- B -D-gafactop[rHan~~l!-2~t; 
benxyloximlne)-a-D-c,%anabino-hexopyranoslde (15) cont8min8ted with traces of regloisomers. 
of 1s (C~cl3): 6 5.75 (s, lH, H-l), 5.72 (d, lH, J3 4 = 9.2 Hx, H-3), 5.10 and 5.04 (2d, each ;H’, j ‘= 11.9 
HZ, CH-Ph), 4.91 (dd, lH, J1*,2* = 7.7 Hz, J21,3* = 6.4 Hz, H-2’), 4.44 (d, lH, JI* I - 7.7 Ii% H-l’), 4.41 
(dd, lH, J5 6a = 2.1, Jga 6b = 11.9 Hz, H-6a), 4.32 (d, ZH, J5’,6’ = 6.2 Hz, H-6’a,b , 3 3.94 (dt, 1H, J4,5 = 
1.8, J5’ 6’ : 6.2 Hz, H-St), 3.85 (dd, lH, J3 4 = 9.2, J4 5 = 9.8 Hz, H-4), 3.39 (s. JH, DMe), 2.10 (s, 3H, 
AC), 2.69 (s, 9~. SAC, 1.54 and 1.32 (25, ‘each 3H, 2)Me). The fr8ctlon eluted next was 16 (E-isomer) 
cont8mlnated with the Z-isomer. LH-N.m.r. da8 (CDC13) of 16(f): 6 5.70 (dd, lH, J1 2 = 5.4, J2,4 = 0.9 l-b, 
H-2), 5.20 (s, 2H, CH2Ph), 4.83 (d, lH, J1,2 = 5.4 Hz, H-l), 4.82 (t,lH, J1’ 2’wj2’,3’ = 8.0 Hx, H-2’), 
4.72 (dd, lo, ~4 5 -8.7, J24 = 0.9 Hz, H-4). 4.58 (d, lH, JI’J’ - 8.0 Hz, H-l’), 3.65 (m, 1% H-5’). 3.43 
(s, 3H, OMe), 2.14, 2.11, 2:09 and 2.07 (4s, each 3H, 4Ac), 1.51 and 1.30 (2s, each 3H, 2 Me). 

A solution of the mixture of 13 and 14 (r8tio 2: 1) (0.3 g, 0.6 mmol) and hydraxfne (0.3 mL) 
In ethanol 90% (17 mL) was hydrogermted over 10% Pd/C (0.45 g) 8t 50 p-~-i. for 28 h. The UtalFt Was 
collected on Celiu and washed with warm ethanol, and the comblnai fllcruo and washings were cootzen- 
trated. The residue was acetyl8ted In the usual conditions and after column ChromatographY compound 12 
(0.115 g, 48% based on the amount of 13 present in the starting mixture), was obtained as a solid, mP 
81-83oC, [a]% = +860 (c 0.5, chloroform). N.m.r. data (CDC13): 1H, 5.78 (d, lH, J2,4 - 9.7 Hx, NH), 5-19 
(dd, lH, J2,3 = 10.6, J3,4 = 8.9 Hz, H-3), 4.67 (d, 1H, J1,2 . 3.7 HI, H-l), 4.36 (d, lH, J1’,2’ = 7.7 Hx, 
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H-l’), 4.24 (m, lH, Jl . 3.7, J2 3 I 10.6 HI, H-2), 3.72 (dd, lH, J3 4 = 8.9, J4 5 - 10.0 Hs, H-4), 3.37 (s, 
3H, OMe), 
2Me); 13~ 

213, 2.12, t 10 and 167 (4e, each JH, 4AcO). 1.95 (Is, 3k, AcN), i53 and 1.32 @a, each 3H, 
6 171.3, 170.7, 170.5, 170.1 and 169.3 (Co), 110.9 (CMe2), 100.7 and 98.2 (C-l and C-l’), 76.9, 

76.2, 73.2, 72.9, 71.3, 70.9, 68.7, 63.1, 62.3, 55.3, 52.2, 27.3 and 26.2 (2Me), 23.2 (M.-CON), 20.8 (AC). 
(Found: c, 51.5); H, 6.eo; N, 2.56. C&d. for C26H39015N: C, 51.57; H, 6.49; N, 2.31). 

oxl&tkm of m 3’,4’-G-MoBrqlylfrfene-8-Mctodde (5) 

Compound S4’ (1 g) w” oxhExed as described above for 1. After treatment rlth G-henxylhydroxyl- 
amine hydrochloride md suheequent column chromatography (20: 1 chloroform-methanol), methyl J-(0 - 
henxylodmfm)-40-(3,4-O-lsopr BdeneJ-D-galactopyranocyl)-d-D-tibo-hexapyranosldes (17, 0.61 g, 50%) 
was obtdnsd Conventional acety “5. tlon and column chromatography (3 : 2 hexane-0th I acetate) gave methyl 
2,6-dl~-~cetyl-40-(~6-di-G-~etyl-3,4-G-isopropyli&ne-g-D-g~ctopyrrnayl) 3-Z- G-hensyloximlne)-B-D- r 
dhopyrumeide (18, 0.55 g) and the E-feomer 19 (0.12 g). 

Compound 18 was a syrup. N.m.r. data (CDC13): lH, 6 7.20-7.40 (m, SH, lph), 5.98 (d, lH, Jl,2 = 
4.0 Hz, H-2), 5.17 (s, ZH, CH2Ph), 4.98 (dd lH, JI' 2' = 8.1, J2’ 3’ = 6.6 Hx, H-2’), 4.78 (d, lH, J I,2 = 4-O 
Hz, H-l), 4.38 (d, lH, Jl' 2' = 8.1 Hz, H-l’), 3.44 (;, 3H, OMe); 2.09, 2.07, 2.04 and 2.01 (4s, each 3H, 
4Ac), 1.54 and 1.32 (2n, e;ch 3H, 2Me); 13~ 6 148.3 (C-N-O), 137.3 (c-&o), 110.6 (CMe2). 100.7 and 
99.4 (C-l, c-l’), 56.3 (OMe), 21.9, 20.8 and 20.6 (4.4~). (Found: C, 55.31; H, 6.16; N, 2.52. CaJcd for 
C31H41015N: C, 55.77; H, 6.19; N, 2.10). 

Compound 19 spontaneously transformed Into lb N.m.r. data (CDCl3): lH. 6 7.2-7.3 (m, 5H, lPh), 
5.26 (t, lH, Jl.2 = 1.2 Hz, H-2), 5.15 (s, ZH, CH3Ph). 4.84 (s, lH, H-4), 4.81 (dd, 1H, JI’ 2’ = 8.4, J2* 3’ = 
7.3 Hz, H-2’), 4.73 (d, lH, Jl,2 = 1.2 Hz. H-l), 4.42 (d, lH, J1’,2’ = 8.4 Hx, H-l’ 

i’j 
3.39 (s, 3H, O&e), 

2.06, 2.04, 2.01 and 1.96 (C, each 3H. 4Ac). 1.44 and 1.24 (2s. each 3H. 2Me); C, 6 147.9 (C-N-O). 
136.8 (C-&o), 110.7 (CMe2), 102.5 and 100.7. (C-l, C-l’), 56.4 (CMe), 21.0; 20.8 and 20.7 (4Ac). 
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