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406. Carbohydrate Components of Antibiotics. Part II1.I Synthesis 
of 3,6- Dideoxy-3-dimethylamino- p -D -glucose Hydrochloride Mono- 
hydrate : the Absolute Conjiguration of Mycaminose. 

By A. B. FOSTER, T. D. INCH, J. LEHMANN, M. STACEY, and J. M. WEBBER. 

3,6-Dideoxy-3-dimethylamino-~-~-glucose hydrochloride monohydrate, a 
synthesis of which from methyl 2,3-anhydro-a-~-allopyranoside is described, 
is identical with the dimethylamino-sugar derivative obtained by degrad- 
ation of magnamycin. 

MYCAMINOSE, a component of the macrolide antibiotic magnamycin and of members 
of the spiromycin group! has been identified as a 3,6-dideoxy-3-dimethylaminohexose. 
Alkaline degradation of mycaminose and partial reduction of the product with sodium boro- 
hydride gave a mixture of 3,6-dideoxy-arabino- and -ribo-hexitose, indicating an erythro- 
configuration for positions 4, 5 in the dimethylamino-sugar and a total configuration g h c o ,  
manno, allo, or altro. The deduction6 that the configuration at positions 2, 3, 4 of 
mycaminose is arabino implies a total altro- or galacto-configuration. However , 
3,6-dideoxy-3-dimethylamino-~-altrose is neither enantiomorphous nor identical with 
rnycamin0se.l We have found that 3,6-dideoxy-3-dimethylamino-~-glucose hydrochloride 
monohydrate, a synthesis of which is now reported, is identical with mycaminose hydro- 
chloride monohydrat e. 

Using a different synthetic approach Richardson 7 has also established that mycaminose 
has the D-ghco-configuration. 

Treatment of methyl 2,3-anhydro- a-~-allopyranoside (I) with e t hanolic dimet hylamine 
at ca. 170" for 18 hr. gave a product which consumed 4 - 5  mol. of periodate in 1.5 hr. and 
thereafter a further amount relatively slowly. Such behaviour would be expected for an 
approximately equimolar mixture of methyl 3-deoxy-3-dimethylamino-cc-~-gluco- 
pyranoside (11) and methyl 2-deoxy-2-dimethylamino-a-~-altropyranoside (111) since 
only the latter contains a vicinal diol grouping. The subsequent slow consumption of 
periodate was probably due to cleavage of *CH(OH)*CH(NMe,)* ; trans-2-dimethylamino- 
cyclohexanol is slowly attacked by periodate8 (0.28 mol. of oxidant was consumed in 
47 hr.). The mixture of methyl 3-deoxy-3-dimethylamino-~-~-glucoside (11) and the 
periodate-oxidised methyl 2-deoxy-2-dimethylamino-a-~-altroside (111) was readily 
separated since the latter component by virtue of its aldehyde groups was absorbed by an 
anion-exchange resin.g Methyl 3-deoxy-3-dimethylamino-a-~-glucopyranos~de (11) was 
thus obtained and characterised as the hydrochloride. 

By analogy with the reactions of many other sugar epoxides lo methyl 2,3-anhydro-a- 
D-auopyranoside would be expected to yield a mixture of the glucose and altrose 
derivatives (11) and (111). The equimolar composition of the mixture reflects the 
flexibility of the anhydroalloside (I) which permits attack by dimethylamine equally 
at positions 2 and 3. It is establishedll that, when the flexibility of the alloside com- 
pound (I) is diminished, for example, in the 4,6-0-benzylidene derivative, the epoxide ring 
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tends to open to give products of the altro-configuration in accordance with the Furst- 
Plattner rule.12 It is also of interest to contrast the behaviour of methyl 2,3-anhydro-w 
D-dlopyranoside with ethanolic dimethylamine and with aqueous sodium hydroxide : 
in the latter case an intramolecular reaction occurs and the main product is methyl 3,6- 
anhydro-ac-~-glucopyranoside .13 

Treatment of methyl 3-deoxy-3-dimethylamino-cc-~-glucopyranoside (11) with an 
excess of toluene-9-sulphonyl chloride in pyridine failed to yield a crystalline product, but 
reduction of the gummy ester with lithium aluminium hydride in boiling tetrahydrofuran 
afforded crystalline methyl 3,6-dideoxy-3-dimethylamino-a-~-glucopyranos~de (IV) in 
moderate yield. Hydrolysis of this glycoside with 6~-hydrochloric acid at 95-100" for {:-> <<*? CH2.OH ,)>FH 

HO OMe HO OMe HO OMe HO 

OH HO OH 0 
( 1 1 1 )  (V)  (I1 : R = OH) 

(IY: R = H )  

(1) 

4 hr. gave 3,6-dideoxy-3-dimethylamino-~-~-glucose (V), isolated as the hydrochloride 
monohydrate. Comparison of physical properties established the identity of the synthetic 
product and mycaminose hydrochloride monohydrate. The p-configuration is assigned 
on the basis of the mutarotation in water: +11" (10 min.) + +31" (equilibrium). 

Most of the hexosamine derivatives isolated from antibiotics and of established con- 
figuration have been found to have the ghco-configuration. In addition to mycaminose, 
there are N-methyl-L-glucosamine l4 (streptomycin), 3-amino-3-deoxy- and 6-amino-6- 
deoxy-D-glucose l5 (kanamycin) , and 2,6-diamino-2,6-dideoxy-~-glucose l6 (neomycin C )  . 
Desosamine, a 3,4,6-trideoxy-3-dimethylamino-hexose which is a component of several 
macrolide antibiotics, belongs to the D-series l7 and probably l8 has the D-xyEo-configuration 
and hence may be regarded as a derivative of 4-deoxy-~-glucose. A known l9 exception 
to  this pattern is mycosamine, the 3-amino-3,6-dideoxyhexose present in nystatin. 

EXPERIMENTAL 
Methyl 3-Deoxy-3-dimethylumino-a-~-glucof~yranoside Hydrochloride.-A solution of methyl 

2,3-anhydro-a-o-allopyranoside l2 (2 g.) in 33% ethanolic dimethylamine (20 ml.) was heated in 
a sealed tube a t  170" f 10" for 18 hr. The oily residue, which contained methyl 3-deoxy-3-di- 
methylamino-a-D-glucopyranoside and methyl 2-deoxy-2-dimethylamino-a-~-altropyranos~de, 
obtained by evaporation of the reaction solution was dissolved in a solution of sodium meta- 
periodate (4 g.) in water (cu. 100 ml.). After storage a t  room temperature for 2.5-3 hr. the 
solution was filtered and then passed through a column (60 x 5 cm.) of Amberlite IRA-400. 
(HO- form). The column was washed with water until the eluate was optically inactive, the 
eluate was then concentrated a t  -65"/14 mm. to ca. 75 ml., then continuously extracted with 
chloroform overnight. Concentration of the chloroform solution and distillation of the residue 
gave methyl 3-deoxy-3-dimethylamino-a-~-glucopyranoside (0.7 g.), b. p. -170" (bath)/0.3 mm., 
m. p. 107-108" (from ethanol-ether). When a solution of the free base (100 mg.) in dry 
methanol (3 ml.) was treated with dry hydrogen chloride the hydrochloride (65 mg.) separated, 
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with m. p. 194" (from acetone-methanol), [a], + 112' (c 0.3 in H,O), [MI, +288' (Found: C, 
41.8; H, 7.9; N, 5-8; C1, 13.75. CgH,,NO,,HC1 requires C, 41.7; H, 7.8; N, 5.4; Cl, 13.8%). 

Periodate Oxidations (Dr. C. H. BOLTON) .-A solution (50 ml.) of the glucoside-altroside 
mixture (54.5 mg.), from the above reaction, in 0-25~-sodium metaperiodate consumed oxidant 
as follows at  room temperature. 

Time (hr.) .............................. 0.1 0.3 1.0 1.5 2.0 4.0 6-0 
Oxidant consumed (mol.) ............ 0.33 0.39 0.485 0.50 0-515 0.56 0.59 

A similar solution containing trans-2-dimethylaminocyclohexanol (40 mg.) consumed 

Time (hr.) .............................. 3 7 21.5 47 70 166 336 

periodate as follows : 

Oxidant consumed (mol.) ............ 0.05 0.075 0.17 0.28 0.41 0.60 0.765 

The periodate uptake was followed by a standard method.20 
Methyl 3,6-D~deoxy-3-d~methylamino-u-~-gluco~yranoside.-A solution of methyl 3-deoxy-3- 

dimethylamino-a-D-glucopyranoside (4 g.) in pyridine (30 ml.) was treated with toluene-p- 
sulphonyl chloride (14 g.) in pyridine (30 ml.). After storage overnight a t  40" the mixture was 
poured into ice-water (200 ml.) , basified with sodium carbonate, and extracted with chloroform. 
The chloroform solution was washed with water, dried (Na,SO,), and concentrated a t  
40°/0.2 mm., to yield the product (8.5 g.) that failed to crystallise but presumably was the 
2,4,6-tri-O-toluene-~-sulphonate. 

Lithium aluminium hydride (ca. 2 g.) was added to a suspension of the foregoing product 
(8-5 g.) in tetrahydrofuran which was then stirred vigorously and boiled under reflux for 1 week. 
The excess of reductant was destroyed with ethyl acetate, and alkoxides with water. Insoluble 
material was collected and washed with 2~-sodium hydroxide. The volume of the combined 
filtrate and washings was adjusted to 200 ml. with 2~-sodium hydroxide, and the solution was 
then concentrated to ca. 80 ml. a t  80"/14 mm. and continuously extracted overnight with 
chloroform. Evaporation of the dried (Na2S0,) extract and distillation of the residue gave 
methyl 3,6-dideoxy-3-dimethylamino-u-~-gluco~yranoside (1.2 g., 33%) , b. p. 80°/0.25 mm., 
m. p. 81-82" [from isopentyl alcohol-light petroleum (b. p. 40-60") ; by sublimation a t  
llOo/0-2 mm.], [a], +123' (c 0.43 in H,O), [mD +252' (Found: C ,  52.65; H, 9.1; N, 6.8. 
CgHl,NO, requires C, 52-7; H, 9.3; N, 6.8%). 

3,6-Dideoxy-3-dimethyZamino-~-gZucose Hydrochloride Monohydrate.-A solution of the fore- 
going glycoside (0-24 g.) in 6~-hydrochloric acid (8 ml.) was kept a t  95-100" for 4 hr., then 
evaporated a t  30'114 mm. Examination of the crystalline residue by paper chromatography 
with the organic phase of butanol-ethanol-water (4 : 1 : 5) and detection with aniline hydrogen 
phthalate 2 1  revealed a single major component with RF identical with that of mycaminose 
hydrochloride. Two recrystallisations of the residue from moist isopropyl alcohol gave 3,6-di- 
deoxy-3-dimethylamino-~-glucose hydrochloride monohydrate (0.1 5 g.), m. p. 114-1 16' alone 
or in admixture with the dimethylamino-sugar obtained ti from magnamycin, [a], +31" 
(equilibrium) (c 0.96 in H,O) , [ w ~  + 76". Mycaminose hydrochloride monohydrate has [a], 
+32" (equilibrium) (c 1.42 in H,O). The infrared spectra (KC1 discs) of the natural and the 
synthetic compound were indistinguishable and had vmx. 1650 cm.-l characteristic 22 of water 
of crystallisation. 
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