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ABSTRACT 

6-Amino-2,5-anhydro-6-deoxy- and -1,6-dideoxy-D-glucitol (44), as well as 
some of their derivatives, were synthesized, starting from D-mannitol. 3,4-Di-O- 
allyl-1,2:5,6-dianhydro-D-mannitol was converted into the 2,5-anhydro-6-bromo 
compound 8, the bromine atom of which was replaced by azide. The ally1 groups 
were removed by treatment with Pd-C in ethanol-acetic acid-water, and the azido 
group was reduced with hydrogen sulfide-pyridine. The amino group formed was 
methylated by using formaldehyde-formic acid, yielding the 1-N-6-O-methylene 
compound as the main product, which is resistant towards reduction with boro- 
hydride. Treatment of 8 with activated zinc in acetic acid gave, instead of the ex- 
pected 6-deoxy derivative, the (acyclic) 5-enoalditol. 

The synthesis of 44 was conducted via 2,5-anhydro-1,6-di-O-tosyl-D-mannitol 
(36), which was obtained from 1,6-di-0-benzoyl-3,4-O-isopropylidene-D-mannitol 
in satisfactory yield. Ditosylate 36 was converted into a 2,5:3,6-dianhydro 
monotosylate which, on reduction with lithium aluminum hydride, gave the l- 
deoxy derivative. Opening of the 3.6-anhydro ring with hydrobromic acid led to the 
h-bromo compound, which was converted, via its azide, into 44. 

INTRODUCTION 

In previous studies, the synthesis of “double-headed” muscarine analogs, 
having two terminal, trimethylamino groups, was described’,‘. As these com- 
pounds possessed no muscarine-like biological activity, the synthesis of structurally 
more closely related derivatives, such as 1 and 2, containing only one terminal tri- 
methylamino group, was decided on. 
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RESULTS AND DISCUSSION 

For the synthesis of compound 1. a 2.5.anhydro-D-glucitol derivative carry- 
ing a good leaving-group at C-6 was needed. Such compounds can be obtained 

from 3.4-di-O-alkyl-1.3:5.h-dianhydro-a-mannitols. as. on treatment ulth hydro- 
hromic acid. the correspondin& r 7.5-anhvdro-h-bromo-D-glucirol deril atwcs arc’ 

formed m good yield.‘. As all hydroxyl groups must be free in compound 1. alkyl 
suhstltuents that could he selectwely removed from the Intermediates had to he 
used for O-3 and O-3. For this purpose. the ally1 group was chosen as it can hr 
readily split off under neutral“ or weakly acidic conditions 

As the starting material. the diallyl dicpoxide 6 was used: this was originally 
obtained’ from 3.4.di-O-allyl-r,-rnannitol (3) L’ILI its dimesyl dlacctatc 4, but. on a 
larger scale. a more convenient method was applied. involving the ctrnvcr-Gon ot 3 
Into its 1.6.ditosylate (5), which ( without purllicatton. was treated with sodium 
methoxide. The resulting diepoxidr (6) could, by distillation, hc zcparatcd from 
the contaminating 2.5.anhydro ditosylatr (7). which i\ pr-ohably tormcd r,iic the 

1.2.h-tritosvlate. present in the crude reaction-mixture. 

Treatment of diepoxide 6 with cont. hydrobromic acid gave, besides the 6- 
hromo derivative 8 (68%) expected. the I,h:2,5-dianhydride 14 ( 10Cr ). Lvhich 

could be separated by column chromatography. Dianhydride 14 could also be ob- 
tained from 8 by treatment with sodium methoxide. 

For removing the 0ally1 groups. compound 8 was hoilcd. in the prcsencc of 
Pd-C as the catalyst. in ethanol-acetic acid-water’. Deblocking of the 0alkyl 
groups. to afford 12. procceded in two steps. removal of the less-hindered group w 
O-3 being the faster process, yielding 10 3s the inter-rnediatc The rcaciion wa’; 
complete after IO h. but the product could bc purified only hy col~~mn chromatop- 

raphy. When. instead of 8, it< I-acctatc (9) was submitted to the same reaction, the 
deblocking process was slower. and. cvcn after Ih h. a 1 : I mixtilrc of II and 1.3 
could bc separated after acetylation. 

Treatment of bromide 12 with sodium wide in aqueous N. N-dimrthyltorm- 
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amide at elevated temperature afforded the expected azide 17, which was purified 
by column chromatography. The same compound could be obtained in a 
much higher yield by converting triacetate 13 into its azide (US), and submitting 18 
to ZemplCn deacetylation. The azido group was converted into an amino group by 
means of hydrogen sulfide in pyridine, a very convenient reagent for the reduction 
of terminal azidcs’%z*“. During this procedure, the 0-acetyl groups of 18 underwent 
partial 0-N acetyl migration; therefore, the crude acetylated amine was directly 
hydrolyzed with hydrochloric acid, to yield the deacetylated compound 23 in satis- 
factory yield. The latter was N-methylatcd, using formaldehyde-formic acid’. Be- 
cause of the proximity of the l- and 3-hydroxyl groups, the formation of N,O- 
methylene derivatives as byproducts could be expected’,X. According to ‘H-n.m.r.- 
spectral investigation, the product obtained was a complex mixture which, on re- 
peated treatment with formaldehyde-formic acid, was only slightly changed. 

It was presumed that the hypothetical N,O-methylene derivatives 24 and 26 
would be reduced to the corresponding dimethylamino derivative 21 on treatment 
with borohydride, as a similar transformation was observed’ in the case of the 
analogous 2,5-anhydro-l,6-dideoxy-l,6-bis(dimethylamino)-L-iditol. However, 
borohydride treatment of the crude, multicomponent, methylation product af- 
forded, besides the dimethylamino derivative 21, the I-N,6-0-methylene com- 
pound 26 as the main product (ratio 1 :2). The latter proved to be stable towards 
borohydride, indicating that, although it must be formed via intermediate 25, there 
exists no equilibrium under neutral conditions between 25 and 26. That means that 
the &membered dioxazine ring is more stable towards hydrolysis than the Gmem- 
bered, oxazine ring’,*. 

The pure h-(dimethylamino) compound 21 could be obtained from the 
foregoing mixture by crystallization, and it was converted with methyl iodide into 
the trimethylamino derivative 1. It is interesting that this iodide 1 possesses a re- 
versed, temperature-dependent solubility in acetone, as it is fairly soluble in the 
cold solvent, but crystallizes on heating the solution. 

The dibridged methylene compound 26 was purified by column chromatog- 
raphy, and, on treatment with methyl iodide, was converted into its quaternary salt 
27. 

In further experiments, we tried to reduce the 6-bromide 8 to the correspond- 
ing 6-deoxy compound 28, which would be a good starting-material for the synthe- 
sis of muscarine antipodes, As the reagent, sodium cyanoborohydride in 
hexamethylphosphoric triamide (HMPT), recommended by Hutchins et al.’ for the 
selective reduction of a halogen atom in a terminal position, was first used. At 90”, 
compound 8 was completely consumed in 10 h, but the h-deoxy derivative 28 was 
formed as only a minor component (8.2’%), and the main products were the di- 

*Structure 26 was proved by “C-n.m.r. spectroscopy. as C-l (being rnvolved in the ether bridge) ap- 
peared at 68.1 p,p.m., whereas, in 21, C-l of the terminal hydroxymethyl group gave a signal at 61.1 
p.p.m. In 24, C-l should possess a similar shift. 



anhydride 14 (38%) and the unsaturated derivative 29 (75%). The structure of the 
latter was unambiguously proved by ‘H-n.m.r. spectroscopy. as well as bv g.l.c.- 
m.s. 

The formation of 29 is a process analogous to the conversion of 6-bromo-6% 

deoxyglycosidcs into their S-eno-aldehyde derivatives on treatment with activated 
zinc in aqueous ethanol, a reaction investigated in detail by Bernet and V;wzlla” 
in 1979. When sodium borohydricle was use d instead of cyanot~orohydridc. and tli- 
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methyl sulfoxide as the solvent, only the dianhydride 14 and the 6-deoxy derivative 

28 were formed, but in significantly lower yields (14 and 7%, respectively). 

To avoid formation of the 1,6-anhydro ring, basic conditions had to be 

avoided; therefore, bromide 8 was hydrogenated in the presence of Pd-C and 

barium carbonate”, but no reaction took place. Similar, negative results were ob- 

tained when sodium borohydride was used in the presence of acetic acid”. On the 

other hand, when zinc powder, activated with CuS04, was applied in aqueous ace- 

tic acid’s, only the Senoalditol29 was formed (in high yield). 

For synthesis of the 1,6-dideoxy-6-(trimethylamino) derivative 2, there was 

chosen, as the starting material 2,5-anhydro-D-glucitol (33), which can be obtained 

either from 1,6-di-0-benzoyl-~-rnannitol’~-~’ (30), or directly from D-mannitOl 

under acidic conditions’s~~23. De spite the fact that, according to g.1.c. investiga- 
tion?, this very simple procedure gives a mixture of anhydrides containing 33 in 

a yield of 47%, its separation is a very tedious process that lowers the preparative 

yield dramatically. Even the separation of 33 from the crude mixture via acetala- 

tion and subsequent tritylation” or benzoylation” gives the properly substituted 

derivatives in a yield of only -15%. In our hands, the latter two processes actually 

gave much lower yields (57%); therefore, an alternative route was explored for 

the synthesis of larger amounts of 33. To avoid the formation of other anhydro de- 

rivatives, which make the purification of anhydride 33 difficult, the tendency to for- 

mation of the oxolanc ring on C-2 and C-5 had to be increased. Under acidic condi- 

tions, protonation of OH-2 (or OH-5)-transforming it into a leaving group-is the 
crucial step for the formation of the 2,S-anhydro bridge. Protonation of all other 

OH groups will automatically enhance the possibility of the formation of anhydro 

derivatives with different structures. To avoid these reactions, OH-2 (or OH-5) 

had to be converted by substitution into a strong leaving-group, thereby enhancing 

the chance of 2,5-anhydro ring-closure. 

Based on this consideration, the well known 1.6-di-0-benzoyl-3,4-O-iso- 
propylidene-D-mannitol’5 (31) was converted with one equivalent of tosyl chloride 

in pyridine into its crystalline 2-tosylate 32, which, on boiling with cone hydro- 

chloric acid in ethanol, was rapidly converted (via hydrolysis of the isopropylidene 

group and subsequent elimination of p-toluenesulfonic acid) into the 1,6-diben- 

zoate 34. The overall yield, calculated on D-mannitol, is only -2O%, but all of 

these derivatives are crystalline, and readily purified. 2,5-Anhydro-D-glucitol (33) 

could be obtained as a homogeneous syrup in quantitative yield by Zemplen de- 

ben7oylation of 34; its purity was proved by g.1.c. of its tctraacetate (35). 
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Anhydridr 33 was converted by sclcctive tosylation mlo the crystalline l.&di- 
toaylate 36, which. on treatment with sodium methoxide in ethanol. pave the cx- 
peeled 2,5:3,6-dianhydro derivative 42. As OH-3 in 36 is <is-related to both tos- 
yloxy groups, thcorctically the formalion of a 1 ,Sanhydro derivative could not be 
precluded. but the tcndcncy to ring formaticm is much greater fcx an nxolane than 

for an oxetane. Nevertheless. the structure 0142 could also be praved chemicaliv. 

as. on treatment with lithium aluminum hydride in 1 .&dioxanr. it was convcrtcd in 
excellent yield into the I-deoxy derivative 40. which. on tosylation. afforded 41. 
both being identical with the 2.5:J.h.dianhydro derivatives dcscrihcd carlicr’i. 

When dianhydride 40 was treated with hydrobrom~c acid in acetic s&l cnn- 
taining acetic anhydride, the 3.6.anhydro ring was cleaved. and the 6-bromo diacr- 

tate 38 was formed. The terminal bromine atom of 38 was exchanged with sodium 
azide in N.N-dimethyl~ormamide, and the I-azido diacetatr 39 ohtalnrd gave. on 
deacetylation. the crystalline dihydroxy compound 43. ‘l‘his was reduced with hq- 
drogen sulfide. and the resulting amine 44 gave. after methylation with tormal- 

dehyde+formic acid. and treatment of the product with horohydridte. the ill- 
methylamlno derivative 45. which was converted u,ith methyl lodidc into the COI- 
responding quaternary salt 2 (X=1). The iodine in the latter was replaced by 
chlorine on treatment with silver acetate, and reaction of the acctare wilh hydro- 
chlor-ic acid. 

Durmg the partial tosylation of 2,5-anhydro-D-glucitol (33), a 1 .l.h-tritosylate 
must have bern formed (besides the ditosylatr 36), 21s addition IJC hotiium 

mrthoxidr to the mother liquor obtained after separation of 36 afforded the \yn- 

metrical galactitol epoxide 46. which is almost insoluble in chloroform. 
Y‘restment of the dianhydro monotosylate 42 with sodium az~de in N. N-di- 

methylformamide gave sy~-upy azide 47. which was purilied r,irr its benzoate 48. 
After dcbenroylation. the azidc was rrduccd wilh hydrogen (P&<‘;Ls catalyst), and 

the crystalline amine 49 resulting was converted into the dimethyl<tmino derivative 
50 with formaldehyde-formic acid. Mcthylation of 50 with methyl iodide afforded 
the quaternary salt 51. 

The 1 .h-ditosylate 36 offered the opportunity to synthesize the “double- 
headed“ 1.6-bis(trimethylamino) derivative having thz n-ghrco configuration (58). 

which had thus far been obtained only as its racemate’. Treatment of 36 with tri- 
methylamine [which, according to the literature”‘. afforded the I .h-bis(tri- 
methylamino) derivative 58 as its dihenzrn~sulfonalr~t~ in the case of ?.5-anhydro- 

1.6-di-O-(phenylsulfonyl)-D-glucitol] gave only the Z,S:?.&dianhydro I-tosylate 
42. That means that trimrthylarnine dues not react as a nucleophile. hut as a base. 
and the substitution reaction described in the literature indicates that the starting 
material used must actually hnvc had a structure diff‘erent from that claimed. as .11- 
ready suggested’.“. 

The tosyloxy groups of 36 reacted with sodium aaide in N,N-dimethylfor- 
mamide al elevated temperature; the less shielded one (on C-6). being the more 
reactive, was exchanged first. On prolonged treatment with sodium aTide. the 



mono-aride 52 obtained gave the l.h-diazide 54. As the water-soluble azides could 
only be separated with difficulty. the same reaction was applied to the acetylated 
ditosylate 37, yielding diazide 5.5 (vin the monoazide 53) in excellent yield. 
Deacetylation of 55 gave 54, which was reduced to the corresponding diamine 56. 
Methylation with formaldehyde-formic acid, and subsequent treatment with 
sodium borohydride, afforded the 1,6-bis(dimethylamino) derivative 57, which was 
converted into its quaternary salt 58 on treatment with methyl iodide. 
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salts. The suspension was filtered with charcoal. and the filtrate aciditied with cont. 
hydrochloric acid. and evaporated. Then, ethanol was added to, and evaporated 
fi-om, the residue. which crystallized and was filtered off with 2.propanol+thcr, to 

yield pure 2 (X=Cl) (1 g, 67%); m.p. 118-120”. [ a 6” t44.4” (water); ‘H-n.m.r. ] 
data (h): S 3.65 (m, H-6). 3.22 (s, N-CH,), and 1.26 (d,J, I 6 Hz. H-l). 

3,4-Di-O-crll_~l-l,6-di-O-p-tolyf~ulJunyl-r)-mannitoi (5). ~ To a stirred solu- 

tion of 3.4.di-O-allyl-D-mannito13 (3; 5.2 g) in dry pyridine (25 mL) was added a 
solution of tusyl chloride (8.5 g, 2.2 equiv.) in chloroform (20 mL) during 30 min 
at +5”. The mixture was kept overnight at room temperature, and then poured 

into water. The precipitated oil was extracted with chloroform, and the extract was 
processed in the usual way. to yield a syrup which, after column chromatography 

(solvent D), gave ditosylate 5 as a pale-yellow syrup (5.3 g, 46.5%); Rt. 0.55 (D); 
[cx],$’ +15.5”; ‘H-n.m.r. data (0): 6 4.17 (m, H-1.6), 4.0 (m, H-2,5), 3.65 (m, H- 
3.4), 3.6 (OH). and 5.75, 5.2, and 4.0 (0-ally]). 

Anal. Calc. for CZbH3401&SZ:C, 54.71; H, 6.00; S, 11.23. Found: C, 54.35; H. 
5.83; S, I I .52. 

3,4-Di-O-ullyl-I,2:5.6-dianhydro-D-mannitol (6). - Compound 3 (131 g) 
was tosylated as described for 5. but the chloroform solution of the crude reaction- 
product was only concentrated to 1 L. Methanol (500 mL) and, after cooling to 
WY. 5M methanolic sodium methoxidc (220 mL) were added. The alkaline 

(phenolphthalein) slurry formed was stirred for IO min, and then poured into 
water. The organic solution was washed with water. dried, and evaporated. The re- 
sidue gave, on distillation, pure 6 (61.7 g, 54%); h.p.D,,s* 9X-100”; lit.? b.p.o 3 112- 
115”. 

3,4-Di-O-allyl-2,5-anltydro-l,6-di-O-p-tol,yl.srr~fonyl-~~-~l~~citol (7). - The 

dark-brown residue obtained after the distillation of 6 was mixed with hot 
methanol (50 mL), and the suspension was filtered with charcoal. Crude 7 crystal- 

lized from the chilled filtrate and was recrystallized from methanol (5 vol.); yield, 
17.1 g. 6.2%; m.p. 76-77”. (cy]&” +35.4”; R, 0.60 (E); ‘H-n.m.r. data (a): 64.3-3.8 
(m, H-14), 5.75, 5.2. and 4.0 (m, O-ally]), and 7.83, 7.35. and 2.45 (d. d, and s. 

O-tosyl). 
Anal. Calc. for C,,H320&z: C. 56.50; H, 5.83; S. 11.60. Found: C, 56.42; H, 

5.90; s, 11.97. 
3,4-Di-V-allyl-2..5-anhydm-6-bromo-6-deo.uy-D-gl~~citnl (8) and 3,4-di-O- 

allyl-1,6:2,5-dianhydro-D-gfuc-itol (14). -- A solution of diepoxide 6 (22.6 g) in 
acetone (100 mL) was added dropwise to an ice-cold, stirred solution of cont. hy- 
drobromic acid (25 mL) in acetone (25 mL). The mixture was stirred for 15 min at 
room temperature, and was then made neutral with solid codium hydrogen- 
carbonate. The precipitated salts were filtered off, and the filtrate was evaporated. 

The residue was dissolved in chloroform. and the solution washed with water, 
dried, and evaporated; the syrup obtained was purified by column chromatography 
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matography (solvent C), pure 29 (0.85 g. 74%). identical with that obtained vin 
method a. 

I-U-Acety~-~,4-di-O-al[yl-Z,5-an/lydro-6-bromo-6-~~eoxy-D-~lt~citof (Y). - ‘1‘0 

a solution of 8 (lS.3 g) in pyridine (15 mL) was added acetic anhydride (10 mL), 
and the mixture kept overnight at room tcmpcraturc, and then processed in the 
usual way, to give, after column chromatography (solvent I;‘). pure 9 as a syrup 
(11.4 g, 73.5%): [cy]:’ - 19.4”; RK 0.75 (F); ‘H-n.m.r. data (n): 6 4.4-3.8 (m, H-l- 
5), 3.40 (d, H-6), 5.8. 5.2, and 4.0 (m. 0-allyl), and 2.06 (5, 0-acctyl). 

Anul. Calc. for C,,H,,BrO,: Br. 22.88. Found: Br. 22.60. 
I,4-Di-O-ncetyl-3-O-allyl-2,5-anhydro-~ (II) and 

1,3,4-k-O -crcetyI-2,_F-crnhydro-6-bromo-6-ciro.ry-D-glucitoI (13). - A stirred solu- 
tion of 9 (3.5 g) in ethanol (SO mL). acetic acid (35 mL), and water (35 mL) was 
boiled in the presence of 10% Pd-C catalyst (3.5 g) for 16 h. The cooled slurry was 

filtered. the filtrate evaporated, and the residue acetylated with acetic anhydride (5 
ml)-pyridine (10 mL). The mixture was kept overnight at room temperature to 
give, after the usual processing. a syrup which was separated by column chro- 
matography (solvent fl. 

The fractions having RF 0.60 gave, on evaporation, the monoallyl compound 
11 (1.0 g, 28%); [a]E’ -7.5”; ‘H-n.m.r. data (a): S 5.15 (d, H-4), 4.5-3.8 (m, H- 
1,2,3,5), 3.47 (d. H-6), 5.8, 5.2, and 4.1 (m, 0-allyl). and 2.12 and 2.06 (s. O- 
acetyl). 

Anal. Calc. for C,,H,,RrO,: Br, 22.75. Found: Br. 22.87. 
The fractions having RF 0.55 gave, on evaporation. triacetate 13 (1.2 g, 

34%); [u]$ -16.2”; ‘H-n.m.r. data (0): 6 S.28 (dd, H-4). 5.01 (dd, H-3), 4.33 (m, 
H-2), 4.22 (d. II-l), 4.07 (m, H-S). 3.57 (d, H-6). and2.12 and 2.06 (s. 0-acetyl). 

Anol. Calc. for C,,H,,BrO,: Br. 22.62. Found: Br. 22.65. 
The same triacetate 13 (1.5 g, 85%) was obtained when compound 12 (1.1 g) 

Was acetylated with acetic anhydride (5 mL) in pyridine (7 mL). 
2,5-Anhydro-h-bromo-6.deox~-Lo-glucirol (12). -- A stirred solution of 8 

(6.1s g) in ethanol (80 mL). acetic acid (60 mL), and water (60 mL) was boiled in 
the presence of 10% Pd-C catalyst (6.5 g). On t.1.c. (R), besides,the spot uf Ihe 
starting material (R, 0.9). that of the 3-O-ally1 derivative 10 (RF 0.7) and com- 
pound 12 (R, 0.35) could be detected. After II) h, the catalyst was filtered off, and 
the filtrate was evaporated. Then, ethanol was added to. and evaporated from, the 
rcsiduc, and this procedure was repeated three times. The remaining syrup was 
dissolved in ethanol (100 mL) and Kieselgel 40 (20 g) was added. The slurry was 
evaporated to dryness, and the mixture was transferred onto the top of a column 
prepwed with ethyl acetate. The same solvent was used foi elution. The fractions 
having R, 0.35 gave, on evaporation, pure 12 (3.3 g, 72%) as a syrup; [a]$’ t1.7” 
(methanol): ‘H-n.m.r. data(c): 64.1-3.4 (m, H-16). and 4.5 (s. OH). 

Anal. Calc. for C,H,,BrO,: Br, 35.19. Found: Br. 34.98. 
3.4-Di-O-uflyl-2,5-unhydro-6-azido-6-deoxy-~~-glucitol (15). - A solution of 

8 (7 g) and sodium azide (2 g) in N.N-dimethylformamide (30 mL) and water (3 
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the reaction was complete, acetic acid (6 mL) was added, and the solution was 
evaporated. The residue was filtered on charcoal with the aid of M hydrochloric 
acid (20 mL), to remove the precipitated sulfur, the filtrate was evaporated, and 

ethanol was added to, and evaporated from, the residue. The syrupy 19 (5.3 g, 
85%) so obtained was pure enough for the next step. An aliquot (0.5 g) was further 
purified by column chromatography (solvent M). yielding pure 19 (0.3 g); [a],$” 

+47.4” (water); ‘H-n.m.r. data (b): 6 4.3-3.7 (m, H-l-6). and 5.9, 5.3. and 4.1 (m. 
O-allyl). 

Anal.Calc.forC,~H~rC1NO~:C1,12.67;N5.00.Found:C1,12.40;N,4.88. 
3,4-L)i-0-allyl-2,5-anhydro-6-deox,v-6-(dim~thylammo)-1~-glucitul hydro- 

chloride (20). - A solution of crude 19 (2.X g) in aqueous formaldehyde (36%; 6 
mL) and formic acid (90%; 10 mL) was heated on a steam bath for 12 h. The solu- 
tion was evaporated, and the residue was filtered on charcoal with the aid of M hy- 
drochloric acid (10 mL), to give, after evaporation, a syrup which was purified by 
column chromatography (solvent A). The fractions having RF 0.5 gave, on evap- 
oration, pure 20 (1.3 g, 42%) as a pale-yellow syrup; [01]$’ t47” (water); ‘H-n.m.r. 
data (h): 6 4..3-3.7 (m, H-16), 5.9, 5.3, and 4.1 (m, O-allyl). and 2.98 (s, N- 
methyl). 

Ann!. Calc. forCIAHzhCINO,: Cl, 11.51;N,4.SS.Found: Cl, 11.23;N.4.31. 

2,5-Anhydro-6-deoxy-6-(dimethylnmino)-D-glucitoi hydrochloride (21). - 
Method a. A solution of the dimethylamino compound 20 (1.5 g) in ethanol (20 
mL). acetic acid (15 mL), and water (15 mL) was boiled in the presence of 10% 
Pd-C (1.5 g). According to t.1.c. (M). the starting material (R, 0.90) was slowly 
converted. via the monoallyl derivative (RF 0.55). into the unprotected 21 (RF 

0.35). After 62 h, when the reaction was complete, the catalyst was tiltered off. and 
the filtrate was evaporated. The residue was mixed with M hydrochloric acid (10 
mL), the suspension filtered with charcoal. and the filtrate evaporated. Then 

ethanol was added to, and evaporated from. the rcsiduc, and the syrup obtained 
was purified by column chromatography (solvent M). The fractions having R, 0.3s 
gave, on evaporation. a solid residue which was filtered with acetone, to yield pure 
21 (0.1 g, 9%); m.p. 150-1.51”. [al&e 1-47” (water); ‘H-n.m.r. data (c): 6 4.2-3.7 

(m, H-2-5), 3.60 (m, H-l), 3.25 (m, H-6), 10.4 (s, NH+). 4.3 (s, OH). and 2.78 (s, 
N-methyl). 

Method b. A solution of amine 23 (5 g) in aqueous formaldehyde (36%; 10 
mf.) and formic acid (90%; 15 mL) was boiled for 2 h. cooled. and evaporated. The 
residue was dissolved in the same reagent, and the procedure was repeated. The re- 
sidue was mixed with water, the suspension filtered with charcoal. and the filtrate 
evaporated. The residue was dissolved in ethanol (10 mf,), and the solution was 
made alkaline (in the presence of phenolphthalein) with M sodium hydroxide (15 
mL). Then. sodium borohydride (2 g) was gradually added to the stirred solution. 
and stirring was continued for 2 h at room temperature. The solution was acidified 
with cont. hydrochloric acid (using Methyl Red as the indicator). and evaporated. 
and then ethanol, and, subsequently, methanol (3 x 100 mL) were added to, and 
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added a solution of tosyl chloride (21 g; 1.1 equiv.) in pyridine (40 mL) during 30 

mitt at +S”. The mixture was kept overnight at room temperature. to give, after 
the usual processing, and evaporation of the chloroform solution, a syrup that crys- 
tallized on treatment with methanol. [The crude tosylate 32 (41.4 g, 70.8%; m.p. 
127-129”) obtained was pure enough for conversion into the anhydride 34.1 Recrys- 
tallization from acetone-ether gave pure 32. m.p. 128-130”. [c1]2’ +31”; RF 0.40 
(F); ‘H-n.m.r. data (u): 5 5.20 (m, H-2). 4.8-4.3 (m, H-l.=), 8.2-7.0 and 2.25 
(tn. s, O-tosyl), and 1.38 (s, 0-isopropylidcne). 

Anal. Calc. for C3,H3z0,,,S: C, 61.62; El, 5.51; S, 5.48. Found: C, 61.52; H, 
5.65: S, 5.32. 

2,5-Anhydro-D-glucitol (33). ~ Method a. A stirred slurry of crude diben- 
zoate 34 (44 g) in dry methanol (200 mL.) was made alkaline (in the presence of 
phenolphthalein) wtth 5M methanohc sodium methoxide (0.5 mL). According to 
t.1.c. (L), the 34 (R, 0.90) was slowly converted. via its monobenzoate (R,; 0.55), 
into 33 (RF 0.15). When the reaction was complete (25 II), sodium ions were re- 
moved by means of an ion-exchange resin. and the solution was evaporated. The 
residue was partitioned between ether and water, the aqueous solution was evapo- 
rated, and the colorless syrup was dried in VLICUO over phosphorus pentaoxide, to 
give 33 (1Y g, 98.2%); [LY]~” +19.5” (water); lit.” [u]j$’ +23.1” (c 2, water). 

Method b. A solution of the distilled tetraacetate 35 (29 g) in methanol (100 
mL) and 5M methanolic sodium methoxide (0.1 mL) was kept for two days at room 
temperature, and was then processed as described for method a, to yield 33 (13.9 
g, 93.5%), identical with that obtained viu method a. 

2,5-Anhydro-I,6-di-O-benzoyl-D-glucito~ (34). - A solution of crude 
tosylate 32 (100 g) in ethanol (1 L) and cont. hydrochloric acid (100 mL) was boiled 
on a steam bath for 45 min. when, according to t.1.c. (E), the starting material (RF 
0.70) was completely converted into the anhydride 34 (RF 0.1). The cooled solution 
was made neutral by addition of solid sodium hydrogencarbonate, the suspension 
filtered, the tiltrate evaporated. the residue partitioned between ethyl acetate and 
water, and the orgamc solutron washed wtth water. drted. and evaporated. The re- 
sidue was filtered with the aid of ether to yield dibenzoate 34 (48.2 g, 75.6%), m.p. 
124126”. pure enough for further reactions. Recrystallization from benzene af- 
forded pure 34, m.p. 135-137”; R, 0.45 (C); lit.” m.p. 135.5-138.5”; lit.” m.p. 
135-137”. 

1,3,4,6-Terra-0-acetyl-2,5-anhydro-D-glucitol (35). - Syrupy anhydride 33 
(19 g) was dissolved in pyridine (100 mL) and acetic anhydride (70 mL), to give, 
after the usual processing, syrupy 35, the purity of which was 98.50/o, according to 
g.1.c. Distillation afforded pure 35 (35.5 g. 92.4%‘); b.p., s 171-173”; ]cz]g’ 0”; R,. 
0.30 (F). The ‘H-n.m.r. datawcre identical to those described”. 

Z,_S-Anhydro-1,6-di-O-p-tolylsulfonyl-o-g~~~~to~ (36). - To a stirred solulion 
of anhydride 33 (16 g) in pyridine (100 mL) was gradually added tosyl chloride (42 
g) at + 10”. The solution was kept for 4 h at room temperature and was then purcd 

into ice-water. The precipitate was filtered off, washed successively with water and 
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2,5:3,6-Diarzhydro-I-deony-4-O-p-tolylsuffonyl-~-glu~itol (41). -To a solu- 
tion of 40 (0.4 g) in pyridine (5 mL) was added tosyl chloride (0.8 g), and the mix- 
ture was kept overnight at room temperature, to give, after the usual processing, 
41, which was recrystallized from ether-light petroleum (0.70 g, 80.5%); m.p. 83- 
85”, [u]$” +62”; lit.*’ m.p. 85-86”, [a]$ 460.1”. 

2,5t3,6-Dianhydro-1-O-p-tol?/lsulfonyl-D-g~~~c~to~ (42). - Ditosylate 36 (18 
g) was dissolved in boiling ethanol (80 mL). the solution was quickly cooled to 
room temper alurr, and 5M methanolic sodium methoxide (8 mL) was added. From 
the turbid solution was precipitated sodium tosyiate, which was filtered off after 24 
h. The filtrate was evaporated, and the residue partitioned between chloroform 
and water. The organic solution was dried, evaporated. and the residue filtered 
with the aid of methanol, to give 42 (9.7 g, 84.5% j; m.p. 9496”; this was pure 
enough for further reactions. Recrystalhzatron from methanol-water afforded pure 
42; m.p. 102-103”, [a],$’ +59”; R, 0.50 (E); ‘H-n.m.r. data (u): S 4.5-4.1 (m. H-l- 
S), 3.92 and 3.68 (d, d, H-6,6’), and 7.82,7.38, and 2.4s (d, d, s. 0tosyl). 

Anal. Calc. for C13H160hS: C, 51.99; H, 5.37; S, 10.68. Found: C, 51.92; H, 
5.40; s, 10.58. 

2,5-Anhydro-6-azido-1.6.dideoq-r+ucitol(43). -To a solution of azide 39 
(5.7 g) in chloroform (20 mL) were added M rnethanolic sodium methoxide (0.1 
mL) and methanol (20 mL). After 30 min, when, according to t.l.c., the reaction 
was complete, the solution was made neutral with solid carbon dioxide, and evapo- 
rated. The residue was passed through a short column of silica gel with the aid of 
ethyl acetate, to give, after evaporation, and ftllration of the solid residue with the 
aid of carbon tetrachloride, pure 43 (3.6 g. 94%); m.p. 99-loo”, [a];” +28” 
(water); Rt 0.60 (B); ‘H-n.m.r. data (b): 6 4.19 (dq. H-3), 4.1-3.9 (m, H-3,4), 3.8 
(m, H-5), 3.6 and 3.4 (dd, dd, H-6,6’), and 1.22 (d. H-l). 

Anal. Calc. for C6H,,N303: C, 41.61; H, 6.38; N, 24.27. Found: C, 41 .hO: H, 
6.45; N, 24.02. 

6-Amino-2,5-anhydro-I,6-dideoxy-D-glucitol hydrochloride (44). - A solu- 
tion of azide 43 (3.5 gj in pyrrdme (35 mLj and water (16 mL) was reduced with hy- 
drogen sulfide as described for 19, to give hydrochloride 44 as a syrup (3.6 g, 98%); 

[ffl I?’ +46” (water); R, 0.50 (M); ‘H-n.m.r data (c): 6 4.16 (dq, H-2), 4.k3.8 (m. 
H-3,4), 3.2 (m, H-6). and 1.24 (d, H-l). 

Anal. Calc. for C,H,JINOs: Cl, 19.30; N. 7.62. Found: Cl. 18.92; N, 7.48. 
2,5-Anhydro-1,6-dideoxy-6-(dimethylamino)-D-~iucito~ hydrochloride (45). 

- A solution of amine 44 (1.8 g) was methylated as described in method b for com- 
pound 21. The syrup obtained on evaporation of the methanol solution was 

dissolved in ethanol. and the solution was passed through a short column of silica 
gel. to yield, after evaporation, a solid rcsiduc. This was filtered with the aid of 2- 
propanol, and washed with ether, to give 45 (1.9 g, 89%); m.p. 152-154”, [IX]:’ 
f57.7” (water); ‘H-n.m.r. data(b): 6 4.1 (m, H-2), 4.1G3.9 (m, H-3-5), 3.1 (m, H- 
6), 1.25 (d, H-l), and 2.93 (s, N-methyl). 

Anal. Calc. for CaH,sClN02: C, 45.38: H, 8.57; Cl, 16.74; N, 6.61. Found: 
C,45.21;H,8.66;C1,16.57;N,6.50. 
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evaporated from, the residue. The solid material obtained was filtered off with the 
aid of ethanol, yielding pure 50 (2.8 g, 80.7%); m.p. 223” (dec.). [a]$ +4S” 
(waler); R, 0.65 (M); ‘H-n.m.r. data (b): 8 4.7-4.3 (m, II-2-5), 4.05 and 3.90 (d, 
d. H-6,6’), 3.60 and 3.40 (d, d. H-l ,I’), and 3.UO and 2.95 (s. s, N-methyl). 

Anal. Calc. for C,H,,ClNO,: C, 45.82; II. 7.69; Cl, 16.91; N, 6.68. Found: 
C. 45.70; H, 7.63; Cl. 17.05; N, 6.55. 

2,.5:3,6-Diunhydro-l-deo*y-l-(~rimethylrtmino)-D-~~uri~~l iodide (51). - A 
slurry of 50 (1 g) m ethanol (10 mL) was made alkaline (in the presence of phenol- 
phthalein) with 4.dM methanolic sodium methoxide (1.2 mL). and was then diluted 
with acetone (IO ml.). The precipitated salts were filtered off, and methyl iodide (1 
mL) was added to the filtrate. The quatcrnary salt. which started to crystallize, was 
filtered off after 20 h, and was washed with acetone. to yield pure 51 (1.3 g, 
81.5%); m.p. >230”, [(Y]A’ +40.5” (water); ‘H-n.m.r. data (b): 6 4.74.3 (m, H-2- 
5). 4.00 (s, H-6). 3.7 (m, H-l). and 3.14 (s, N-methyl). 

Anal. Calc. for C9H1sIN03: C. 34.29; H, 5.75; I, 40.27; N, 4.44. Found: C, 
34.18; H, 5.92; I, 39.98; N. 4.52. 

2,5-Anhydro-6-azido-6-deoxy-I-O-p-tolylsulfonyl-n-glucitol (52). - Method 
II. A solution of ditosylate 36 (0.9 g) andsodium azide (0.15 g) in N,N-dimethylform- 
amide (5 mL) and water (0.5 mL) was heated on a steam bath for 30 min, and was 
then cooled and evaporated. The residue was partitioned between ether and water, 
and the organic solution was washed with water, dried, and evaporated. to yield, 
after treatment with ether, 52 (11.4ll g, 61%); m.p. 9f&92”. [LY]:’ +28”: RP 0.40 (C); 
‘H-n.m.r. data (c): 6 4.4-3.‘) (m, II-1,2.5), 3.9-3.6 (m, H-3,4), 3.3 (m, H-6). and 
7.82,7.50, and 2.45 (d, d, s, O-tosyl). 

Method b. Diacetate 53 (1.5 g) yielded, after ZemplCn deacetylation, 52 (1 g, 
83%). identical with that obtained via method n. 

Anal. Calc. for C,,H,,N,O,S: N, 12.23; S, 0.33. Found: N, 12.20; S, 9.41. 
3,4-Di-O-acetyf-2,5-~nhydro-6-crzido-6-deo.~y-l-O-p-~olyls~~ffonyl-~-g~u~it~~l 

(53) and 3.4-di-0-ncetyl-2,5-nnhydro-I,h-dinr~do-1,6-dideoxy-~-glucitol (55). - 
To a solution of 37 (6.6 g) in N,N-dimethylfor-mamidc (30 mL) wa6 added sodium 
azide (3.3 g). and the slurry was stirred for 2 h at 100”. The residue obtained by 
evaporation was separated by column chromatography. using solvent E for elution. 

The fractions having RF 0.65 gave, on evaporation, diaxide 55 (0.8 g, 22.7%) 
as a syrup; [a]:,” t68”; ‘H-n.m.r. data (0): 6 5.26 (d, H-3). 4.9X (d. H-4), 4.23 and 
4.02 (m, H-2,5), 3.8-3.3 (m, H-1,6), and2.12 and 2.08 (s, O-acetyl). 

Anal. Calc. for C,0H14Nh05: N, 28.28. Found: N, 27.92. 
The fractions having Kr 0.55 gave, on evaporation, monoazide 53 (2.4 g, 

47.4%) as a syrup, [a]:,’ +46.3”; ‘H-n.m.r. data (a): 6 5.30 (dd, H-3), 4.95 (dd, H- 
4), 4.3-3.9 (m, H-1,2,5), 3.6 and 3.4 (dd, dd. H-6.6’). 7.80, 7.30, and 2.45 (d, d, 
s. 0-tosyl), and 2.05 (s, O-acetyl). 

Anal. Calc. for C,‘HZ,NIOXS: N, 9.83; S, 7.50. Found: N,9.70; S,7.26. 
The yield of diazide 55 could be increased to 78.5% by prolonging the rcac- 

tion time to 14 h. 



And. Calc. for C,H,,,C‘IZN:0.4: c’. 30.61; H. 0.85: Cl. 70.16: N, 11.41. 
Found: C. 30.55; H. h Y2; Cl. 30.02; N. 11.72. 

2.5-Anhydro-I, 6-hisidimrtlt~lamrno) -I, 6-did(,ox~~r,-~[lurrInl dih~rirr,cll/nricle 

(57). - A solution of dlaminc 56 (1 .S g) was methylated with f~~rmaldellytlr-formic 

acid as described for 21 (method b), to yield hydrochloride 57 as a solid foam (1 .S 

g, 97%,); [uld’ +33” (water): K,, (1.65 (M); ‘H-n.m.r data (h)- 6 J.q~J I) (m. H-T- 
5). 3.35 (d, H-1,6), and 7.93 (s. N-methyl). 

And. Calc. For Cj~,H~&‘I?N,:O_<: C, 11.25: H. 8.27; Cl, 24.35: N. 9 62. Found: 
C, 31 .I?; H. 8.30: Cl. 13.86: N, 9 33. 

L,.~-A~~h~v~l~o-1,6-hr.Fltrinrrllt)’lnmi-D~~lucit~~~ diiodidr (58). - 
A nolulion of rlihycirochl~)ri~l~ 57 (1.15 g) in ethanol ww converteri Into the cluster- 

nary salt as described fur compound 1. I’he salt. which crystallized from the solu- 

tion. was filtered off. and washed with acetone. to give 58 12.16 g. 86’2 1; m.p. 
>1-10”, [a]$’ + 13.4” (water): ‘H-n.m.r. data (h). fi -1.h-3.9 (m. H-7-i). 3.7 (m. H- 

I .h). and 3.25 (s. N-methyl). 
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