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Note 

Methyl 4,6-anhydro-4-deoxy-2,3-di-O-methyl-4-methyl- 
amino-Jr-D-galactopyranosrde and related compounds 

C. RICHARD HALL A\XD THOMAS D. INCH 

Clrcrrrical Dcfexce Esrabhjhrrrenr. Parron Dart II. Sulisburv. iI’rlrsifrre lGrrof &tarn) 

(Receibcd htay 25th. 1976: accepted I‘or puhllcation, July I?rh, 1976) 

During the course of experiments designed to afford derivatives of 4,6-diamino- 

4,6-dideo?iy-1-D-_plucop~~anosz and -galactopyranose (that were required for the 

preparation of I .3,Zdiazaphosphorinsn+ derivatives analogous to I .?&owzs- 

phosphor-inane derivatives described pre\iously’). it was observed that treatment of 

methyl 2,3-0-methyl-4,6-di-0-tosyl-x-t+ glucopyranoside (1) M ith ethanolic methyl- 

amine at !20” Scrded not only the required bis(mechylamino) sugar 3 in 30% yield 

but also methyl 4,6-anhydro+deox} I-2.3-di-O-methyl--l-methylaminoa-D-galacto- 

pyranoside (5) in 309: yield. The wetidine derivative 5 was tentatively identified on 

the basis of i.r., n.m.r. (see Table I), and microanalytical data. Presumably, the 

mecharusm of reaction involves initial formatIon of the 6-methylamino-l_tosyI 

derivative’ 7 and then intramolecular attack at C-4 by the 6-methylamino group. to 

displace the tosyloxy group wrth Inversion of configuration. As expected. when a 
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solution of 7 in ethanol was heated in a sealed tube at 120’ for 4 h. a good yield of the 

azetidine 5 was obtained. 

The in!ramolecular rexnon 13 favoured to a greater extent in the tri-0-benzgl 

derivative 2 which, on treatment with methylamine, afforded the azerldine 6 in 633;) 

yield and the bis(methylnmino) sugar 1 In only 4% yield. 
Although intramolecular displacements of sulphonylovy groups by amine 

groups are not uncommon in carbobydrare chemistry, the formation of an azetidine 

ring at C-4 and C-6 of a galactopyranoside does not appear to have been described 

hitherto. Further, only passing reference appears to have been made to a cor- 

rcspondrng oxetane, methyl 4.6-snhydro-3,3-di-O-benzyl-r-D-_galactop~ano~ide~. 

Consequently, the oxetane 8 was prepared for comparison purposes, and some 

chemical characterlsation of the azetidlnes 5 and 6 was attempled. 

The osetane S was prepared in 849,; yield by boiling 3 solulion of merhyl 

2,3-di-O-methyl-6-O-tosyI-~x-o-,oalactopyranoside In aqueous. alcoholic sodium 

hydroxide for 1 h. The o.m.r. data for S and the azeridines 5 and 6, given in Table 1. 
are consistent \iith 3 slightly flattened chair conformation of the pyranoid ring, and 

the values for J5,g. Js,os, and Jo,hB arc consistent wirh those expected for azetldlnes 

and oxetanes. 

Azetidines are readily cleaved by acetic anhydride3. Accordingly, 3 solution of 5 
in aceuc anhydride i\as stored at 100” for I .5 h; no 5 remained, and the only product 
isolated was 9 (80% yield). Similarly, 6 afforded 10. For purposes of identification, 9 

was also prepared from methyl 2,3-di-0-methyl-,r-o-plucopyranoside by sequcnrial 

selective benzoylation, tosylation, treatment wilh methylamine, and acetylation. 

Both 5 and 6 \\ere unafkted by prolonged treatment with ethnnolic methyl- 

amine at 130’; with 2~ hydrogen chloride in ethanol, the azeridine hydrochlorides 

were produced. With cont. hydrochloric acid, 5 and 6 each gave complex mixtures of 

producrs. The oxetane 8 was unaffected by treatment with boihng 6x1 NaOH in 

aqueous erhanol and was only moderately afkcted by treatment 1+1rh boiling 6hl 

hydrochloric acid. 

ESPlXlhlENTAL 

Grneral nlethods. - ‘H-N.m.r. spectra \vere recorded with a JEOL JNhI-;F-H- 

100 spectrometer at IOC MHz. with deuteriochloroform as solvent and tetramethyl- 

silane as internal srandard. Optical rotations were measured for solutions in chloro- 

form. Although oniy selected n.m.r. and i.r. data are reported. all compounds had 

spccrra consistent with the assigned strucrures. Column chromatography was 

performed with Merck silica gel of partlcle size 0.05-0.2 mm and the same solvent as 

used for r.1.c. Solvents here dried over anhydrous magnesium sulphare. 

,lI~rll~i 6,6 - anhydro -4 - deo.vy - _3,3-di-O-nlellr~‘I-J-tnellr)llat,lino-r~- D-galacto- 

p_~nnroside (S). - A solution of methyl 2,3-di-0-methyl-4.6-di-O-tosyl-r-o-gluco- 

pyranoside (I,4 g) in 3 33% solution of methylamine in ethanol (15 ml) was heated in 

a sealed rube at 120” for 1 h. The solvent was removed under reduced pressure. 
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Chromatography of the resulting orange oil gave 5 (0.5 g, 30%) as a clear oil, RF 0.4 

(ether), [a], + 205’ (c 2) (Found: C, 55.0; H. 8.7; N, 6.6. C, 0H ,gNOJ talc.: C, 55.3; 

H, S.8; N, 6.5O.b). and methyl 4.6-dldeoxb ‘-2,3-di-0-methyl-4,6-bis(meihylamlno)-I- 

D-galactopyranoside (3, 0.56 g, 300,6). 

Treatment of S with excess of methyl iodide in benzene gave the expected salt 

(8O?L), m.p. 190-193” (dec.) (from ethanol-ether), [a]o + 1 II” (c 3): n.m.r. data 

(CD,OD): ri 3.27 and 2.39 (2 s, Nhfe,) (Found: C. 36.6; H. 6.1 ; N. 3.9. C, , Hz21N0, 
talc.: C. 36.7: t-I. 6.1: N, 3.9%). 

&wzJ.l 4,6-ad) iiro - 4 - cieox_~.- 2.3 - ch - 0 - rncfh~ I- d -trwll~~danrino - 2 - C-gala&o - 

p~mvrositle (6). - When treated as described above for 1. benzyl 2.3-di-0-bsnzyl- 

J,6-di-0-tosyl-r-D-glucopyranosldc (2, L-1 g) gave 6 (OS8 g, 639’0) as a clear oil, 

I?, 0.5 (ether). [!Y]~ +96” Ic 2) (Found: C, 75.2: H. 7 0: N, 3.0. C,,H,,NO, talc.: 

C. 75.5; H. 7.0; N, 3.1%); and benzyl 2.3-ai-0-benzyl-4.6-dideoxy-4,6-bis(met.hyl- 

amino)-z-n-gslactopyranoside (4; 0.06 g. 4O?k). 

Treatment of 6 with methyl iodide gn\e the expected salt (70%) as a light- 

yellow, oily solid, [.xlD +96” (c 3). Tu.m.r. data (C6Db): 3 3.36 and 3.-I:! (2 s. Nhle,). 

Jferl~JY ~,6-clnj~~.dro-~,3-ni-O-nrel/lcI-r-o-gaiaclopI,ranosi~e (8). - A solution 

of methyl 2,3-di-0-meLhyI-6-@tosyl-z-D-galactopyr3noside’ (-! 8) in sodium 
hydroslde (6hl) in water-ethanol (3:l) was boiled under rsflux for I h. The mixture 

was then poured into water and extracted with dichloromethane. The solkent has 

removed from the extract under reduced pressur c to give a clear oil which, after 

chromatogmphy. gave 8 (0.95 g. 8496). b.p. 95”(barh)/O. 1 mmHg, RF 0.4 (benzene- 

acetone-methanol, 8: I : II. [i(lD +244” (c 1.7) (Found: C, 53.3; H, 8.0. CgHlh05 

talc.: C, 52.9; H, 7.90,;). 

Treatment of5 atrd 6 u id acetic anlrJxfride. - A soluuon of each azetidine in 

acetic anhydride was stored at 100” for 1.5 h, and t.l.c. then shotsed that no stamng 
material remained. The mixture wx poured into excess of aqueous sodium carbonate 

and extracted with dichloromecbnnc. Removal cf the solvent under reduced pressure 

and chromatography of the resulting brown oil ga\e (from 5) methyl 6-O-acetyl- 

~deo~y-~,3-di-O-met~I-l-(~V-methylamt~mido)-;*-o-g~actopyranoside (9, 80%) as a 

clear oil, R, 0.5 (benzene-acetone-merhanol, 8: I: I), [aID + I 12’” (c I), vl,tP3yid 1655 and 

1755 cm-‘: n.m.r. data: 6 2.03 and 2.09 (3 s, 2 AC) 3.1 I (s, Nkle), 1.90 (d, J,,, 

3.6 Hz). 5.35 (dd, J,,, 5.3. J,,, 3.7 Hz) (Found: C, 52.7; H, 7.8; N, 4.4. Cl,HZ5N0, 

talc.: C, 52.7; H, 7.9; N, -!.4’?L). From 6, henzyl 6-0-acetyl-2,3-di-O-benzykl-deoxy- 

J-(/V-methylacetamido)-r-D-galactopyranoside (10, 81%) was obtained as a clear oil, 

R, 0.8 (benzene-acetone-methanol, 8:l:l), [rlD + 100’ (c 0.8). ~~~~~~~ 1655 and 

1755cm-‘: n.m.r. data (C,D,): d 1.27 and 1.34 (Zs, 2 AC). 2.74 (s, NMe), -I.88 

(d, J, .Z a’Hz), 5.48 tdd, J,,, , 4,5 6 J 3 Hz) (Found: C, 70.2; H, 6.8; N, 2.8. CJZH3,NO: 

talc.: C, 70.2: H, 6.8; N, 2.6OtL). 

Concersioti yf t?letll_r/ 2,3-tii-O-nleIh~‘I-r-D-g[rrcop~‘ranosiile into 9. - Bc11~0yl 

chloride (1.6 ml) was slowly added LO a cooled solution of the glucopyranosidc (3 g) 

in pyridine (IO ml). The solution was allowed to nttain room temperature, then 

stirred for 2 h, poured into excess of water, and extracted with dichloromethaoe. 
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Removal of the solvent from the extract under reduced pressure and chromatograph) 

of tie resulting oil gave methyl 4,6-di-0-benzoyI-2,3-di-O-methyl-z-D-~lucopyrano 

side (0.5 g, 9%), m.p. I 19” (Tram di-isopropyl ether), [xlD +- 113” (c 0.6). RF 0.i 

(ether) (Found: C, 64.2: H. 6.1. CzsH2,0, talc.: C, 64.2: H, 6.1%); and methy 

6-0-benzoyl-2,3-di-O-methyl-r-D-~ucopyrar,osidc (3.9 g, 85%). m.p. 71-73’ (frorr 

di-isopropyl ether). [a]n i- 85’ (c 0.7), R, 0.4 (ether). $y: 1720 and 3330 cm - ’ 

(Found: C. 58.7: H. 6.7. C,,H,,O, talc.: C. 58.9: H. 6.89;). 

A solution of the monobenzoate (3-S g) and excess of tosyl chloride in pyridinc 

\\as stirred at room temperature for 2 days and then poured into water. The solution 

was estracted wirh dichloromethane. Removal of the solvent at reduced pressure and 

chromatography of the resulting nil gave methyl 6-0-beczoyl-2,3-di-O-methyl-cl-O- 

tosyf-a-D-glucopyranoside (3.3 @, 59%) as a clear oil. R, 0.75 (benzene-acetone- 

methanol, 13: I : I), [z], I- 87” (c 0.3); vL’!J,” I 100, I 175. 1280, 1360. and I735 cm - ’ . 
A solution of the monotosylaie (3 g) in 33 o/6 methylamine in ethanol (50 ml) 

was heated in a sealed tube at 120” for S h. It was then poured into 59’0 aqueous 

hydrochloric acid and extracted with chloroform. The aqueous phase was basified 

with sodium carbonate, and then repeatedly extracted with chloroform. The orgamc 

portion was concentrated to dryness and the resulting yellow oil was chromatographed 

to give methyl Cdzo.~-3,3-di-O-methyl-Cmethylamino-xl-D-,oalactop~~anoside (0.S g. 

4190) as a clear 011, R, 0. I (benzene-acetone-methanol, 8:1: I), [lxlD i- 163” (c 0.1); 

?q’ld MOO (broad), I-150, 1125, 1095, and IO_55 cm- I. N.m.r. data: d 2.55 (s. NhIe). m.Ir 
2.85 (s, NH and OH). 

A solution of the amino sugar (0.8 g) in acetic anhydride was warmed to 65” 

for 30 rnin and then poured into excess of aqueous sodium carbonate. The mixture 

was estracted with dichloromethane, and the organic phase was concentrated to 

dryness under reduced pressure. Pyridine \ias removed from the residue by distillation 

of toluene therefrom. Chromarography of the resulting oil gave 9 (0.88 g, 819’5). 
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