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Whereas selective acylation of pyranosldes and other sugar derlvatlves has been 
systematically investigated l-‘, the Irect, selective acetylatron of monosaccharides 
has so far received httle attentlon6*7 , presumably because of the dSicultles m frac- 
tlonatmg the muttures of products We have previously descnbed’ the selective 
acetylation of some benzyl glycopyranosldes and we now report on the direct pamal 
acetylation of D-galactose 

eq-Hydroxyl groups are estertied at a rate hgher than that of ax groups, the 
lower reactivity of CIX HO-4 m methyl a-D-galactopyranoslde and benzyl /3-D-galacto- 
pyranoslde under partial acetylatlon conditions IS well estabhshed Partial ac&yIatlon 
of D-galactose urlth 6 2 molar equivalents of acetic anhydnde m the presence of sodium 
acetate at room temperature afforded a syrupy tetra-acetate fraction (I, 16%), from 
whzh 1,2,3,6-tetra-0-acetyl-/3-D-galactopyranoseg (3%) was Isolated by fractional 
crystalhsation Crystalline penta-U-acetyl+D-galactopyranose (7 5%), a syrupy 
tnacetate fraction (2, -3%X and a dlacetate fraction (3, -3%) were also Isolated 
Methylafion with hazomethane-boron tnfluonde etherate of fraction I, w&h 
showed two components (t 1 c, ether), yielded 4-0-methyl-D-galactose (major 
component) together uplth 3-O-methyl and 2-0-methyl-D-galactose, and a trace of 
D-galactose, after deacetylatlon of the reaction products When the 1,2,3,6-tetra- 
acetate was methylated with dmzomethane-boron tnfluonde etherate and the 
crystalhne product deacetylated, 4O-methyl-D-gaiactose was the only sugar isolated 
The crystallme 4-phenylcarbamate of the 1,2,3,6-tetra-acetate was readily prepared 

Fraction 2 was shown by methylationl’ to contain mamly the 1,3,6411-O- 
ace@-j&D-anomer, wth the 1,2,6+omer present as a mmor component T 1 c 
showed that one treatment of fraction 3 with dlazomethane-boron tnfluonde 
etherate yielded a rmxture of products, whch was partlhoned between benzene and 
water. The benzene layer contamed a syrup (80%) whch, on deacetylation, gave 
crystalhne 2,4-dl-O-methyl-D-galactose m high yield, the 3,4-dl-O-methyl Isomer was 
also detected The chloroform extract of the aqueous layer ylelded a syrup (17%) 

*SeIectwe Acetylatlon of Carbohydrates Part II For Part I, see Ref 8 
**Present address Chenustry Department, Umverslty of Swansea, Great Bntam 
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which, on deacetylatron, gave 2-0, 3-0, and 4-0-methyl-D-galactose (paper electro- 
phoresrs) 

Repeated treatment of fraction 3 wrth lazomethane-boron tnfluonde etherate 
followed by deacetylatron gave mamly 2,3,4-tn-0-methyl-D-galactose (rdentmed by 
p c ) together ullth another presumed tn-0-methylgalactose 

The preparatron of 4-O-methyl- and of 2,4-dr- O-methyl-D-galactose exemphfies 
the synthetic apphcatrons of the acetates descrrbed above Of the known tetra-O- 
acetyl-D-gzdactopyranoses, 1,2,3,6-tetra-0-ace@-@-~galactopyranose IS obtained by 
a methods which IS somewhat comphcated, and therefore, to avord difficulty, the 
sequence described above provrdes a useful alternatlve 

0-Beuzoylated monosaccharides having two hydroxyl groups free can readrly 
be methylated r 1 by the use of dmzomethane m the presence of boron trrfluorrde 
etherate Thrs procedure IS now shown to be effectrve wrth 0-acetylated mono- 
saccharrdes havmg two hydroxyl groups free 

EXPERIMENTAL 

Concentratrons were performed under reduced pressure Meltmg pomts were 
determmed on a Kofler nucroscope stage, and are uncorrected Optrcal rotations were 
determmed wrth a Belhngham and Stanley Polanmeter Model B Thm-layer chro- 
matography (t 1 c ) was performed on Merck Srhca Gel F-254. usmg benzene- 
methanol (96 4-9 1) unless otherwrse stated The separated matenals were detected 
(a> by spraymg the dned chromatogram with 10% of sulphunc acrd m ethanol and 
heatmg, and (b) wrth the femc hydroxamate reagent”. Free sugars were detected 
with auihne hydrogen phthalate’ 3 The solvent system 1-butanol-ethanol-water 
(5 1 4, upper layer), which was stubble for lower acetates, was used with Whatman 
No 1 and ~MM papers Paper electrophoresis was carrred out m borate buffer @H 9 6), 
dflerences m the apphed voltage had no srgmficant mfiuence on Mo values 

Partlai acetylatlon of D-galactose - A nuxture of D-galactose (20 g), anhydrous 
sodmm acetate (10 g), and acetic anhydrrde (65 ml) was stored at room temperature 

for three weeks, with occasronal shakmg. T.l.6. then revealed penta- and tetra-acetate 
(major products), together wrth small proportrons of trracetate and startmg matenal 
The slurry was titered, and the sohd was washed with chloroform, the combined 
filtrate and wdshmgs drluted with a large volume of ethanol, and the solutron con- 
centrated Fractronal crystalhzatton of the residue (14 g) from ethanol afforded 
crystalhne penta-0-acetyl-B-D_galactopyranose (3 3 g), m p 140”, [cr]n +28” (c 0 1, 
chloroform), ht. ’ 4 m p 142”, [a]n +25’ (chloroform) 

The mother hquors were concentrated to a syrup, whch was extracted wrth 
benzene. The filtered solution was extracted several -es with water The combined 
extracts were exhaustrvely extracted wrth chloroform T 1 c then showed that the 
chloroform extract contamed tnacetate and a small proportron of tetra-acetate, 
whereas the benzene solution retained the pen&acetate and tetra-acetate. The dned 
chloroform solution was concentrated and the resrdue was partrtroned between 



NOTE 315 

benzene and water as described above Extraction of the aqueous phase wxth chloro- 

form gave, after concentration of the extract, a syrupy triacetate (fraction 2,900 mg), 
[a]o +56” (c 0 19, chloroform) 

in an analogous manner, aqueous extraction of the foregomg benzene solution 

was repeated unti all tetra-acetate (fraction I, ma&y the jl anomer) was Isolated, 
tza chloroform extraction of the aqueous layer, as a syrup (6 g), [a],, +63" (c 0 6, 

chloroform) FractIonal crystalhsation from dl-isopropyl ether yielded 1,2,3,6-tetra- 
O-acetyl-8_D-galactopyranose (1 2 g), m p 13?-140”, [aID f36” (c 0 2, chloroform); 
ht ’ m p 13%140”, [aID +38” (chloroform). 

The aqueous phase remamng after the chloroform extra&on contained (p c ) 

D-galactose, and two components of greater chromatographlc moblhty which were 

detected with potassmm penodate-cuprate ’ 5 Fractlonatlon on Whatman ~XM paper . 
gave a syrupy &acetate (fraction 3, -600 mg), [a]n + 54” (c 0 32, ethanol), RF 0.53. 
The presumed monoacetate had RF 0 26 

Methylatzons wrth dzazonzethane-boron trzfluorzde etlzerate - (a) 1,2,3,6-Tetra- 

0-acetyZ-j?-D-galactose A solution of the txtle compound (153 mg) m dlchloromethane 
(5 ml) was kept at -5” wlule boron tnfiuorlde etherate (0 02 ml) was added, and the 
solution was mamtamed at the same temperature durmg the add&on of excess of 

dazomethane m dlchloromethane The mixture was kept for 1 h to allow all coiour to 

discharge T 1 c then showed an almost complete converslon mto a faster-movmg 
product. Polymethylene was removed, and the filtrate was washed with water and 

dried. Concentration left 1.2,3,6-tetra- O-acetyl-4- O-methyl-B-D-galactose (141 mg), 
m p 102-105” (from dwsopropyl ether), [a]o +32” (c 0 1, chloroform) 

Anal Calc for C,sH,zO,o C,497,H,608 Found C,495,H,613 

A solution of the foregomg product (98 mg) m methanol (5 ml) was treated 
with 0 1~ methanohc so&Jm methoxlde (0 5 ml) for 2 h at room temperature CatIons 

were removed with Amber&e IR-120(Hf) resin, and the solution was then con- 
centrated The crude, crystalhne residue (42 mg, 80%) had Ro 0 26, Mo 0 28 (ht I6 
0 30 for 4-O-methyl-D-gaiactose) A trace of galactose (due to mcomplete methylatxon 
of the tetra-acetate) was also detected Recrystalhsatlon of the product from ethanol 
gave 4-O-methyl-D-galactose \mth physical constants {m p 218-220”, [a]o +84” 
(c 1 18, water)} m agreement with those reported17 

(b) The frzacetate fractzon 2 To a solution of fraction 2 (135 mg) m Ichloro- 

methane (6 ml) at O’, boron trdluorlde etherate (0 02 ml) was added The solution 

was mamtamed at 0” durmg the addlhon of excess of dlazomethane m the usual 
manner, and then kept at 0” for 30 mm T 1 c then showed -90% conversion into 
two faster-movmg products, designated B and A m order of Increasing R, values 
Polymethylene was removed, and the atrate was concentrated to a syrup (140 mg), 
which was ptitioned between benzene and water Concentration of the orgamc 
layer gave A as a colourless syrup (112 mg), [aID f26 5” (c 0 37, chloroform) 

Anal Calc for CL4Hz209 C, 50 3, H, 6 58 Found C, 51 7, H, 6 77. 
Contmuous extraction of the aqueous layer with chloroform gave. after 

concentration of the extract, a syrup (B: 24 mg), [a], + 50” (c 0 24, chloroform) 
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Paper electrophoresrs of the syrup, after deacetylatron, revealed 2-O-methyl (Mo 0 42) 
and 4-O-methyl-D-galactose (Mo 0 28), Identied by comparison wrth authentic 
samples, together w&h the ?--%euyl ether (iWo 0 66) (lit I6 0 63) 

Fraction A (56 mg) was deacetylated, as described above, to gve a syrupy 
product which showed (p c , amhne hydrogen phthalate) two dlmethyl ethers with 
RG 0 53 (malor) and 0 46 (mmor) The product with Ao 0 53 did not react wrth 
alkahne tnphenyltetrazohum chlorideI After bemg dried in vacua, the hygroscopic 
product erystalhzed slowly from ethyl alcohol to gave 2,~dr-0-methyl-D-galactose as 
shghtly coloured, sticky crystals with MG 0 22, identical with that of 2,4-dr-O- 
methyl-D-galactose provided by Dr G. A. Adams In adlhon, 3,4-dl-O-methyl- 
n-galactose (M,-_ O-19), rdentrfied by comparrson with an authentic sample provided 
by the late Dr D J Bell, was detected. 

Crystalhsanon of the mixture from ethanol gave 2,~di-O-methyl-D-galactose 
(20 mg), m p 92” (shrmkmg at fig”), [a]u -+- 80” (c 0 3, water), lit. lg m p 9%993 
[a]n f86” (water) The amhde had m p 208-210”; lit ” m p. 214-216” 

(c) 2%~ &zceru~e jiracfzon 3. Two treatments of fraction 3 (150 mg) m &- 
chloromethane (5 ml) with excess of diazomethane, as described above, gave (t 1 c ) 
a complex mixture of products Polymethylene was removed, and the filtrate was 
concentrated to a syrup, which was dissolved m benzene (20 ml) Incompletely 
methylated sugars were removed by extraction with water (3 x 15 ml) Deacetylahon 
of a portion (25 mg) of the syrup (49 mg), [a],, +21” (c 0 5, chloroform), obtained on 
evaporation of the benzene, gave a syrup (16 mg), [a],, + 68” (c 0 7, water), composed 
of two substances with RG 0 68 (which was chromatographically Identical to 2,3,4&r- 
O-methyl-D-galactose) and 0 79. 

Z,2,3,6-Tctra-O-acetyZ4-O-phenylcarbamoyZ-~-~-ga~acfopyr~ose - To a solu- 
tion of 1,2,3,6-tetra-O-acetyl-j-D-galactopyranose (200 mg, m p. 138”) in dry toluene 
(4 ml), phenyl lsocyanate (0 5 ml) and dry pyndme (0 75 ml) were added After 24 h 
at room temperature, t 1 c showed almost complete conversion into matenal of 
higher RF value me solution was treated with water to decompose excess of phenyl 
isocyanate and kept for 1 h at room temperature Carbamhde was removed and the 
f&ate was concentrated to a syrup, which was extracted wrth chloroform (30 ml) 
The extract was filtered, washed to remove pyrulme, dried, and concentrated The 
residue was crystalhsed slowly from the mmunal volume of di-isopropyl ether at 0” 
Recrystalhzation of the product (210 mg) from dr-rsopropyl ether gave the title 
compound, m p. 142-14a”, I& +21° (c 0 2, chloroform)_ 

Anal CaIc for C21HzSN0,,S C, 53 96, H, 5.35, N, 2 99 Found C, 52 85, 
H, 505, N, 295 

Xethylatron of fractron 1 - A solutron of fraction I (77 mg) m cbcbloro- 
methane (5 ml) was treated with diazomethane-boron trifluoride etherate in the usual 
manner Polymethylene was removed, and the filtrate was concentrated Paper 
electrophoresis of the resultmg syrup, [& t-42” (c 1 2, ethanol), after deacetylation, 
revealed the presence of 4-0-methyl-D-galactose (major component) together wnh 
the 3-methyl ether, Mo 0 65 (ht 1 6 0 63 for 3- 0-methyl-n-galactose), 2-methyl ether. 
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MG 0 40 (ht l6 0 43 for 2-O-methyl-D-galactose), and D-galactose (MG 0 90) as 
mmor components 
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