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Abstract 

Reaction of a series of aminodeoxy-pentitols and -hexitols in anhydrous hydrogen fluoride with 
formic acid as catalyst gave the corresponding 2,5- and 3,6-anhydro-aminodeoxyalditols; namely. 
1-amino-2,5-anhydro-1-deoxy-Darabinitol, -D-xylitol, and -D-ribitol; I-amino-3,6-anhydro-l-de- 
oxy-D-glucitol, -D-mannitol, and -D-galactitol; and 2-amino-3,6-anhydro-2-deoxy+glucitol in 
yields of 95- 100%. l-Amino- 1-deoxy-L-rhamnitol and its dimethylamino derivative gave l- 
amino-2,5-anhydro-1,6-dideoxy-D-gulitol and 2,5-anhydro-1,6-dideoxy-1-dimethylamino-Dgulitol 
with configurational inversion at C-5. In all cases the reactive intermediate is believed to be a 4,5- 
or 5,6-dioxolenium ion, which can react intramolecularly with a hydroxy group to form a 
five-membered oxolane ring. The dimethylamino-D-gulo-oxolane was converted into a new 
3-hydroxymuscarine isomer, namely, 2,5-anhydro- 1,6-dideoxy- 1 -trimethylammonio-D-gulitol 
chloride. D-arubino-Hexosulose phenylosotriazole gave the corresponding 3,6-anhydro-D- 
arabino-hexosulose phenylosotriazole. Syntheses of the 1 -amino-1-deoxyalditols were performed 
by reductive amination with benzylamine-sodium borohydride followed by catalytic hydrogena- 
tion over Pd-C. 0 1996 Elsevier Science Ltd. 

Keywords: Aminodeoxyalditol; Aminoalditol; Anhydroalditols; Hydrogen fluoride; Tetrahydrofurans 

1. Introduction 

Anhydrides of aminodeoxyalditols with a tetrahydrofuran core and an amino sub- 
stituent in the side chain are important building blocks in the synthesis of more complex 

* Corresponding author. Tel.: + 45-45252119. E-mail: okjcn@kbar.dtu.dk. 
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molecules. Despite earlier use, for example, in syntheses of C-nucleosides [1,2], as 
analogues of muscarine [3,41, as precursors of surface-active molecules [_5], or as 
potential enzyme inhibitors ’ [6,7], no efficient and stereospecific synthesis of the 
aminoanhydroalditols has yet been published. 

The chiral pool of sugars provides cheap and easily accessible starting materials, with 
several preorganized stereocenters. Several ways of transforming sugars and simple 
derivatives into various substituted tetrahydrofurans have already been published. Among 
these can be mentioned: (i) the displacement of furanosyl halides with cyanide ion [l]; 
(ii) the deamination of 2-amino-aldoses and -aldonic acids [8,9] and of I-aminoalditols 
[lo] with nitrous acid; (iii) the intramolecular S,2 displacement of triflate [ 111, tosylate 
19,121, or bromide [13] functionalities by either a hydroxy or benzyloxy group; (iv) the 
acid-catalyzed cyclization of alditols [14]; (v) the formic acid catalyzed dehydration of 
polyols in anhydrous hydrogen fluoride [15]; and (vi) the Michael-type addition of a 
hydroxy group to a double bond [16,17]. None of these methods allows the direct 
introduction of an amine functionality, but in several cases precursors of such com- 
pounds can be obtained. Problems arising from diastereomeric mixtures are a serious 
drawback for many of the methods listed above. 

We now disclose a stereospecific synthesis of amine-substituted tetrahydrofurans in 
high yields directly from the corresponding aminoalditols. 

2. Results 

The aminoalditols (1, 3, 5, 7-9, 15) were obtained in good yields (Table 1) from the 
corresponding sugars by reductive amination with benzylamine-sodium borohydride 
and subsequent catalytic hydrogenation. The synthesis of 1 -deoxy- 1 -dimethylamino-L- 
rhamnitol (17) was accomplished by treatment of t_-rhamnose with 1 equivalent of 
dimethylamine in water to form the imine; addition of ethanol and 1 equivalent of acetic 
acid followed by sodium borohydride effected reduction of the iminium ion, which is an 
intermediate in the Amadori rearrangement [22], to give 17 (71%) and L-rhamnitol 
(2 1%) plus some minor products. 1 -Deoxy- 1 -dimethylamino-L-rhamnitol (17) was iso- 
lated crystalline in 43% yield. 

Treatment of the aminodeoxyalditols in anhydrous HF with 1 equivalent of formic 
acid yielded the 2,5- (2, 4, 6) and 3,6-anhydrides (10-12, 14) of the amino-pentitols (1, 
3, 5) and -hexitols (7-9, 131, respectively * (Schemes 1 and 2). I-Amino-l-deoxy-L- 
rhamnitol hydrochloride (15) gave the 2,5-anhydride 16 (Scheme 3). I-Deoxy-l-di- 
methylamino-L-rhamnitol (17) formed the 2,5-anhydride 18 which was methylated to 
give the previously unknown 3-hydroxymuscarine isomer 19 in 65% yield from 18. In 
one case, the osotriazole 20 was converted into the corresponding 3,6-anhydride 21 
(Scheme 4). Yields of the crude hydrofluorides (2a, 4a, 6a, lOa, lla, 12a, 14a, 16a, 

’ Recent studies have shown the corresponding pyranosyl derivatives, namely, the I-amino-2,6-anhydro- I- 
deoxyheptitols, to be potential enzyme inhibitors. See ref. [6]. 

* This work has in part been published in ref. [23]. 
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HO Anhyd HF , rt 
0 

OH 
OH cat. HCOOH 

-9 6H3 X- 
2a X=F 
2b X=Br 

OH OH OH 

I;H3 B; 

OH 0 
6H3 X- 

Anhyd HF, rl 
HO 

t 
-Gf 

HO 4a X=F 
cat. HCOOH 4b X = (GO,),/, 

r 

r;H>Bn C; 

OH Anhyd HF , rt 
OH 
OH 

cat, ‘IooH d -“: cy OHS i 

OH OH OH OH OH 

5 

Scheme 1 

6a X=F 
6b X=CI 

18a) and of the neutral 21 were in all cases 955lOO%, as judged by ‘jC NMR 
spectroscopy. All compounds could be crystallized in overall yields of 66-81% either as 
their salts or, for 14b and 21, as the neutral compounds and in the case of 10 as the 
trifluoroacetamide lob. The hydrofluorides, of which many could be crystallized, had a 
varying content of amine-complexed HF, which could only be accounted for by titration. 
Melting points were always broad due to loss of HF on heating. In some cases isolation 
of the hydrofluorides was prevented by formation of formamides which required boiling 
in dilute acid or treatment with a basic ion-exchange resin to be hydrolyzed. 

3. Discussion 

The reactions of sugars, lactones, alditols, and polysaccharides in anhydrous HF have 
been thoroughly investigated [24]. As early as 1962, Hedgley and Fletcher [25] proposed 
cyclic dioxolenium ions as intermediates in the isomerization of acetylated cyclitols in 
HF. Ions of this type had been isolated by Meerwein a few years earlier. Meerwein also 
showed that these ions could react with alcohols to give ethers [26]. In 1990 Defaye et 
al. [ 151 showed how alditols, hexoses, and hexonolactones could be transformed into 
tetrahydrofuran derivatives by the formic acid catalyzed reaction in HF. Cyclic formoxo- 
nium ions were detected in the reaction mixture by 13C NMR spectroscopy, and a 
mechanism analogous to that depicted in Scheme 5 was proposed. The formoxonium 
ions were shown to have a much higher reactivity compared to the acetoxonium ions in 
accordance with Burt et al. [27]. In the case of alditols the reaction led to mixtures of 
mono- and di-anhydrides, but reaction conditions could be changed to favour one of the 
products. 
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t 
OH OH OH 
OH t OH t OH 

7 9 9 

I Anhyd HF , ri 
I 

cat. HCOOH 

‘R 
10s R = &Hs F- 
lob R = NHCOGF, 

lla X=F 
llb X=CI 

12a R = 6Hs F- 
12b R=PjHp 

12~ R = N,H3 G~WI/~ 

12d R = NH3 CH3S03- 

PH 
NH3 Cl Anhydrous HF , rt 

HO 
OH 

cat. HCOOH 

t 
OH 
OH 

13 

R 
OH 

14a R=hH3F- 
14b R=NH* 

Scheme 2. 

The aminopentitols (1, 3, 5) gave only 2,5-anhydrides by reaction of HO-2 with a 
4,5-formoxonium ion. In the case of the aminohexitols (7-9, 131, only the 3,6-anhydrides 
were formed from reaction of HO-3 with a 5,6-fonnoxonium ion. In both cases, the 
opening of the formoxonium ion took place in an endo fashion [28]. The reaction is 
believed to take place with inversion at the primary carbon atom (see Scheme 5). Due to 
difficulties in crystallizing 1-amino-1-deoxy-n-ribitol hydrochloride, the benzylamine 5 
was used for the cyclization in HF in the synthesis of 6 (see Scheme 1). Reaction of the 
benzylamines in HF-formic acid was shown in all cases to yield the corresponding 
benzylamino-substituted anhydrides in almost quantitative yields. 

The hexitols formed only the five-membered anhydrides, which are the kinetically 
more favoured. In some cases, less than 5% of the 2,5-anhydrides resulting from attack 
of HO-2 at C-5 were observed. These compounds were never isolated and only detected 
by their 13C NMR spectra. This selectivity can mainly be ascribed to less steric 
hindrance at the primary carbon atom. In addition, attack by HO-2 would bring the 
positive charge from the amino function close to the charge of the formoxonium ion, 
resulting in repulsion. However, this effect does not result in an observable lower 
reactivity of the aminopentitols and the 2-amino-2-deoxyhexitol 13 compared to the 
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OH 
OH 

HO 
HO 

CHz 
15 

L-rhamnose 

Anhyd HF , rt 
N+H3 X- 

1 equiv HCOOH 

6H 

16a X=F 

16b X = (W4)1/2 

-f 

WH,), 

(a) W&NH I Hz0 
OH 
OH 

(b) 1 equiv AcOH , NaBH, , EtOH HO 
HO 

CHs 
17 

17 
Anhyd HF , ti 

1 equiv HCOOH 

NCH(CH,), x- 

OH 
18a X=F 
186 X=CI 

18b 

(a) IRA-420 (OH’ form) 

(b) Mel. acetone 

(c) AgOAc 

(d) H2S 

(e) 4 M HCI 

Scheme 3. 

N+(CH,), CI- 

OH 
19 

I-amino-1-deoxyhexitols. The repulsion of the two positive charges may nevertheless 
account for the missing products expected from the 2,3-formoxonium ions. It could be 
argued that differences in protonation of HO-2 and HO-5 could result in reactivity 
differences, which could account for the observed products, but this effect is believed to 
be of minor importance. 

The importance of the repulsion is also supported by the products obtained from 
compounds 15 and 17. Only products from a 4,5-formoxonium ion are obtained. The 
stereochemistry of 16 and 18 (Scheme 3) confirms that the reaction takes place with 

HO Anhyd HF , rl 

cat. HCOOH 

Scheme 4. 
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HF 
7 

HCOOH 

-HZ0 

H 

Scheme 5. The proposed mechanism for the formic acid catalyzed reaction in HF. exemplified with 
1 -amino- 1 -deoxy-pglucitol (7). 

configurational inversion at C-5. The stereochemistry of these two products has been 
confirmed by 13C NMR spectroscopy (see later) and by comparison with the previously 
prepared enantiomeric species (see experimental section). The N-tert-butoxycarbonyl 
derivative of 16 has previously been isolated in low yield from a mixture with its C-2 
epimer in a synthesis starting from 5-deoxy-D-xylose [ 161. The D-gulo compound 18 was 
converted into the 3-hydroxymuscarine isomer 19. The enantiomer of 19 has previously 
been described by Kuszmann and Dvortsak 141, who found no muscarine-like activity for 
that isomer. The reaction of 20 to yield the known 21 [29,30] is a special case which 
shows the potential of the HF-formic acid method for C-nucleoside synthesis. 

The structures of the products in this work have, in the cases of known compounds 
(6, 11, 18 3, and 21), all supported the proposed mechanism. The structures of the 
remaining compounds have been deduced from the predictions of the mechanism. It is 
well known that ‘H NMR coupling constants give very limited information about the 
structures of five-membered rings due to their great flexibility [31]. On the other hand, 
useful information could in some cases be extracted from the 13C NMR spectra. In the 
cases of 16 and 18 the cis relationship between Me-6 and HO-4 resulted in a shielding 
of Me-6 by N 5 ppm [32] (6 13.9 and 13.8, respectively). 

The synthesis of 17 is to our knowledge the first example of the synthesis of a 
dialkylaminoalditol by reduction of the intermediate iminium ion of the Amadori 
rearrangement. This method has also been applied for the synthesis of the corresponding 
D-mannitol and D-glucitol derivatives in moderate yields 4. Only two other anhydrides of 
a similar structure have been published. These are 1 -amino-3,6-anhydro-D-allitol [33] 
and Samino- 1,4-anhydro-5,6-dideoxy-L-galactitol [34]. 

3 The enantiomer of 18b was synthesized by Kuszmann and Dvortsak [4]. 
’ J.C. Norrild, C. Pedersen, and J. Defaye, unpublished results. 
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4. Experimental 

General methods.-The 13C and ‘H NMR spectra were recorded on Bruker 2.50 and 
AM 500 spectrometers, respectively. Chemical shifts (6) were measured in ppm and 
coupling constants (J) in Hz. Dioxane (6 67.4) was used as the internal standard for 
13C NMR in D,O. For spectra in methanol-d,, the solvent signal was used as the 
internal standard (6 49.0). In Me,SO-d,, the solvent signal was set to 6 39.5. Optical 
rotations were determined on a Perkin-Elmer 241 polarimeter. Melting points are 
uncorrected. Ion-exchange resins used were of commercially available Amberlite types. 
Evaporations were performed in vacua on a rotary evaporator at 40-50 “C. All reactions 
in anhydrous HF were carried out in polyethylene bottles equipped with a screw cap. 
Microanalyses were performed by Leo Microanalytical Laboratory. 

General synthesis of aminoalditols 1, 3, 5, 7-9, 15.- 1 -Amino- 1 -deoxy-pentitols 
and -hexitols were prepared from the corresponding sugars by a method analogous to 
that of Kagan et al. [20]. Instead of hydrogenation of the benzylimines over Pt, reduction 
was accomplished using NaBH, (1.2 equiv) for 1 h at room temperature in MeOH to 
yield the benzylamines. Acidification (HCl or HBr), evaporation, and coevaporation 
three times with MeOH, to remove boric acid as B(OMe),, was followed by extraction 
of the residue with EtOH or MeOH to remove inorganic salts. Evaporation and 
recrystallization of the residue from an appropriate solvent yielded the crystalline 
benzylammonium salts (Table 1). The aminoalditols were obtained in a quantitative 
yield (confirmed by 13C NMR) by catalytic hydrogenation: H, (50 atm), Pd-C(S%) in 
water (pH adjusted to N 8-9 with aq NH,) at 70 “C, 15 h. The compounds were 
crystallized in yields as given in Table 1 which also contains physicochemical data and 
comparison with the literature. 

2-Amino-2-deoxy-D-glucitol hydrochloride (13) [35,21].-2-Amino-2-deoxy-II-glu- 
case . HCl (21.50 g, 0.10 mol) was dissolved in H,O (100 mL) and cooled to 5 “C. 
NaBH, (10.0 g, 0.26 mol) was added in portions keeping the temperature below 10 “C. 
The solution was stirred for 1 h and carefully acidified with coned HCl, keeping the 
temperature below 10 “C to avoid vigorous foaming. The water was evaporated and the 
residue was coevaporated three times with MeOH. The residue was extracted with 
boiling MeOH (200 mL) and the NaCl was filtered off. The MeOH was evaporated and 
the white solid recrystallized from MeOH (- 75 mL) and water (- 20 mL) to yield 
colourless cubic crystals (16.0 g, 74%); mp 158-160 “C, lit. 159-161 “C [21]; [al& 
-6.5” (c 1.57, H,O), lit. -6.8” (c 0.76, H,O) [21]; 13C NMR (D,O): 6 71.6, 71.3, 
66.8, 63.6, 59.7, 56.2. Anal. Calcd for C,H,,ClNO,: C, 33.11; H, 7.41; Cl, 16.29; N, 
6.44. Found C, 33.03; H, 7.38; Cl, 16.24; N, 6.36. 

I-Deoxy-l-dimethylamino-L-rhamnitol(17).-~-Rhamnose . H,O (10.0 g, 60.9 mmol) 
and dimethylamine (40% in water) (7.0 g, 62 mmol) were stirred for 30 min at 35 “C to 
yield a viscous light-yellow solution. Absolute EtOH (100 mL) was added followed by 
cooling to 0 “C. Glacial AcOH (3.7 mL, 59 mmol) was added in one portion 
immediately followed by addition of NaBH, (3.5 g, 93 mmol) in small portions in the 
course of 15 min keeping the temperature below 15 “C. After an additional 15 min of 
stirring, the solution was acidified with coned HCI. The solvent was evaporated and the 
residue was coevaporated three times with MeOH. The resulting semicrystalline oil was 
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extracted with abs EtOH (100 mL) to remove NaCl, the solution filtered, and the filtrate 
evaporated to dryness. 13C NMR showed a major compound (N 7 1%) a minor 
compound (N 21%) (which could be recognized as L-rhamnitol). and some undefined 
minor peaks (N 8%). The crude oil was dissolved in a small amount of water and 
absorbed on a column (90 mL) of IR-120 (H+) ion-exchange resin. The resin was 
washed with water (500 mL) and then eluted with NH,-water (N 600 mL). The 
concentration of NH, was gradually increased from 1 to 6 M to avoid warming of the 
column. Evaporation of the eluate yielded a crude crystalline material (6.5 g); 13C NMR 
showed only one compound. The residue was extracted with hot EtOAc (100 mL), and 
the extract was treated with activated charcoal and filtered through Celite. Evaporation 
of the filtrate to dryness yielded a crystalline residue (5.5 g) which was recrystallized 
from EtOAc (30 mL). Slow cooling yielded, after scratching of the first oily precipitate, 
a colourless crystalline compound. The crystals were isolated at 0 “C, washed with cold 
EtOAc, and dried in vacua. The yield was 4.93 g (43%). A sample was recrystallized 
from EtOAc for analysis; mp 77-94 “C. Further recrystallizations did not change the 
rotation nor the mp; [a]:: -5.9” (c 1.48, H,O); 13C NMR (D20): 6 19.9, 45.3, 61.5, 
67.8, 69.5, 72.7, 74.5. Anal. Calcd for C,H,,NO,: C, 49.72; H, 9.91; N, 7.25. Found C. 
49.47; H, 9.94; N, 7.13. 

I-Amino-2,5-anhydro-I-deox.y-D-arabinitol hydrobromide (2b).-l-Amino-l-deoxy- 
D-arabinitol . HCI (1; 3.00 g, 16.0 mmol) was dissolved in anhyd HF (15 mL) while 
cooling in an ice-acetone bath; HCl was evolved. Formic acid (0.15 mL, 4.0 mmol) was 
added and the mixture was left for 4 h at room temperature. The HF was evaporated in a 
stream of air, yielding a colourless oil. The remaining HF was removed by coevapora- 
tion three times with MeOH (10 mL) followed by evaporation at 50 “C in a stream of 
air. The resulting oil (1-amino-2,5-anhydro- 1 -deoxy-n-arabinitol . (HF), as the only 
product observable in the 13C NMR spectrum) was dissolved in a small amount of water 
and adsorbed on a column (75 mL) of IRA-420 (OH-) ion-exchange resin. The amine 
was eluted with water until a neutral eluate (750 mL). Concentration followed by 
evaporation twice with abs EtOH yielded 2.1 g (98%) of 1 -amino-2,5-anhydro- 1 -deoxy- 
D-arabinitol as a colourless solid. The amine was turned into the bromide salt by 
dissolving in MeOH and adding 1 equiv of HBr (48%). Evaporation of the solvent and 
recrystallization from abs EtOH (23 mL) + H,O (0.5 mL) yielded 2.76 g (81% overall) 
of the hydrobromide as colourless flakes; mp 128- 129 “C. A second fraction, from 
addition of ether to the filtrate, yielded an additional 0.34 g (10%); mp 127-128 “C. A 
sample was recrystallized for analysis; mp 128-129 “C; [a]? + 8.6” (c 1.25. H,O); “C 
NMR (D?O): 6 40.1, 71.6, 71.9, 72.5, 76.3. Anal. Calcd for C,H,2BrN0,: C, 28.06; H. 
5.65; Br, 37.33; N, 6.54. Found C, 28.15; H, 5.66; Br, 36.68; N. 6.58. 

I-Amino-2,5-anhydro-I-deoxy-D-xylitol oxalate (4b) 5 [23,36].-l-Amino-l-deoxy- 
D-xylitol . HBr (3; 3.00 g, 12.9 mmol) was dissolved in anhyd HF (15 mL) while cooling 
in an ice-acetone bath. Hydrogen bromide was evolved. Formic acid (0.24 mL, 0.5 
equiv) was added and the mixture was left for 20 h at room temperature. Workup and 
ion exchange as for 2 yielded 1.8 g of the amine as a colourless oil (still containing 

’ First described as the racemic mixture of the hydrochloride in refs. [2 I.351 
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some EtOH). The crude oil (pure as seen from 13C NMR) was dissolved in abs EtOH 
(25 mL) and oxalic acid (- 0.58 g, 0.5 equiv) in EtOH (25 mL) was added. It was not 
possible to obtain crystals from the EtOH-water mixture, so the solvent was evaporated 
and the resulting oil was dissolved in boiling MeOH (20 mL), from which colourless 
crystals were formed immediately. The yield of 1 -amino-2,5-anhydro- 1 -deoxy+xylitol 
. 0.5 oxalate after drying was 1.75 g (76%); mp 152-154 “C; [a]:: + 1.4” (c 1.43, 
H,O); ‘“C NMR (D,O): 6 39.7, 73.9, 76.9, 77.5, 77.6, 174.1. Anal. Calcd for 
C,H,,NO,: C, 40.45; H, 6.79; N, 7.82. Found C, 40.38; H, 6.76; N, 7.82. 

I-Amino-2,5-anhydro-I-deoxy-Dribitol hydrochloride (6b).-- 1 -Benzylamino-1 -de- 
oxy-D-ribitol . HCl (5; 3.00 g, 10.8 mmol) was dissolved in anhyd HF (21 mL) while 
cooling in an ice-acetone bath. Hydrogen chloride was evolved. Formic acid (0.21 mL, 
0.5 equiv) was added and the mixture was left for 5 h at room temperature. Workup to 
give the hydrofluoride, as for 2, gave a colourless oil which was dissolved in H,O (70 
mL) and Pd-C(S%) (250 mg) was added. The anhydro-benzylamine was hy- 
drogenolyzed (H,, 50 atm/55 “C) overnight. The resulting solution was filtered through 
Celite and concentrated. The resulting oil (l-amino-2,5-anhydro-I-deoxy-D-ribitol HF, 
6a) was treated with anion-exchange resin as above. The eluate was concentrated almost 
to dryness and redissolved in EtOH. Acidification with coned HCl resulted in precipita- 
tion of the hydrochloride. Evaporation of the solvent followed by recrystallization from 
EtOH-water yielded 6b as long colourless needles. A sample was recrystallized for 
analysis; mp 166-168 “C, lit. 164-168 “C [37]; [(Y]: -57.3” (c 1.56, H,O); ‘“C NMR 
(D,O): 6 42.2, 71.7, 73.5, 74.3, 77.9. Anal. Calcd for C,H,,ClNO,: C, 35.41; H, 7.13; 
Cl, 20.90; N, 8.26. Found C, 35.46; H, 7.15; Cl, 20.67; N, 8.34. 

3,6-Anhydr~~-l-deolcy-l-tr~~uoroacetumido-~-glucitol (lob) [23].-l-Amino-l-de- 
oxy-r>-glucitol (7; 2.00 g, 1 1 .O mmol) was dissolved in anhyd HF (10 mL) while cooling 
in an ice-acetone bath. Formic acid (0.21 mL, 5.5 mmol) was added and the mixture 
was left for 4 h at room temperature. After workup and ion exchange as for 2b, 
1 -amino-3,6-anhydro- 1-deoxy-D-glucitol was obtained as a colourless oil which crystal- 
lized slowly after seeding. The partly crystalline product was dissolved in dry MeOH 
(75 mL), and NEt, (0.3 g) and CF,COOMe (1.63 g, 12.7 mmol) were successively 
added. The clear solution was stirred for 22 h. Evaporation of the solvent and 
recrystallization from EtOAc (20 mL) + hexane (15 mL) yielded after cooling long 
colourless needles. The crystals were isolated after standing at - 10 “C overnight, 
washed with EtOAc-hexane, and dried in vacua over coned HZS03; 2.16 g (76% 
overall yield); mp 114-121 “C. The product was pure as judged by its “C NMR 
spectrum. Recrystallization of 0.55 g from EtOAc-hexane gave lob (0.50 g); mp 
122-124 “C; [a]? -12.8” (c 1.50, ~~0); “c NMR (cD,~D): 6 43.9, 69.3, 72.7, 
72.8, 73.2, 81.9, 117.5 (q, 287 Hz), 159.2 (q, 37 Hz). Anal. Calcd for C,H,,F,NO,: C, 
37.07; H, 4.67; N, 5.40. Found C, 37.18; H, 4.73; N, 5.57. 

I-Amino-3,6-anhydro-I-deoxy-~mannitol hydrochloride (llb).-l-Amino-l-deoxy- 
D-tnannitO1 . HCl (8; 3.00 g, 13.8 mmol) was dissolved in anhyd HF (15 mL) while 
cooling in an ice-acetone bath. Hydrogen chloride was evolved. Formic acid (0.26 mL, 
1 equiv) was added and the mixture was left for 4 h at room temperature. Workup and 
ion exchange were performed as above. The yield of the crude amine was 1.85 g 
(> 95% pure) as a colourless oil, which slowly crystallized as needles on standing. The 
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amine was dissolved in abs EtOH (25 mL) and the solution was acidified with coned 
HCl (- 0.9 mL, 1 equiv). The white crystalline precipitate of llb was isolated at 0 “C 
and washed twice with ice-cold abs EtOH; 1.65 g (75% overall yield); mp 162-164 “C. 
A sample was recrystallized and dried for analysis: mp 164-166 “C, lit. 166-167 “C 
[38], lit. 165-167 “C [23]; [(Y]: - 10.7” (c 1.57, H,O), lit. - 11.5“ (H,O) [38], lit. 
-8.5” (H,O) [23]; ‘jC NMR (D,O): 6 43.1, 66.4, 71.3, 71.6, 71.9, 82.3. Anal. Calcd 
for C,H,,ClNO,: C, 36.10; H, 7.07; Cl, 17.76; N, 7.02. Found C, 36.16; H, 7.07; Cl, 
17.61; N, 7.04. 

I-Amino-3,6-anhydro-I -deoxy-D-galactitol (12b).- l-Amino- 1 -deoxy-n-galactitol . 
HCl (9; 3.00 g, 13.8 mmol) was dissolved in anhyd HF (15 mL) while cooling in an 
ice-acetone bath. Hydrogen chloride was evolved. Formic acid (0.26 mL, 0.5 equiv) 
was added and the mixture was left for 20 h at room temperature. Workup and ion 
exchange as above yielded 2.2 g (98%) of the crude amine as a colourless oil which 
crystallized on standing. A sample of 12b (0.5 g) was recrystallized from abs EtOH (15 
mL). The hot solution was filtered through a small pad of Celite to remove some 
undissolved salts. By cooling, colourless crystals were formed. The crystals were 
isolated and washed with cold abs EtOH. The yield after drying in vacua over coned 
H,SO, was 0.39 g (78% from 0.5 g crude amine); mp 140-141 “C; [ a]g + 14.0” (c 
1.52, H,O>; j3C NMR (D,O): 6 44.2, 73.0, 73.5, 77.7, 79.1, 86.6. Anal. Calcd for 
C,H,,NO,: C, 44.17; H, 8.03; N, 8.58. Found C, 44.38; H, 8.10; N, 8.52. 

Oxalute 12c.-The crude amine 12b (0.5 g, 3.1 mmol) was dissolved in hot 
EtOH-water and oxalic acid (0.14 g, 1.55 mmol) was added (pH = 3). The precipitate 
was crystallized by evaporation of the solvent and the oily residue was redissolved in 
boiling MeOH (20 mL) + H,O (3 mL). Filtering through a small pad of Celite followed 
by slow cooling yielded 12c (0.45 g, 71%) as colourless crystals; mp 142- 144 “C; [a]: 
$3.6” (c 1.16, H,O); “C NMR (D,O): 6 43.0, 67.7, 73.7, 77.5, 78.6, 86.3, 174.2. 
Anal. Calcd for C,H,,NO,: C, 40.38; H, 6.78; N, 6.73. Found C, 40.36; H, 6.76; N, 
6.69. 

Mesylute 12d.-The free amine 12b (1.39 g, 8.5 mmol) was dissolved in abs EtOH 
(7 mL) and the solution was acidified with CH,SO,H. The resulting warm solution was 
allowed to cool and to crystallize at 0 “C. The crystals were isolated, washed with cold 
abs EtOH, and dried. The yield of 12d was 1.68 g (76%); mp 90-96 “C. A sample was 
recrystallized from abs EtOH for analysis: mp 94-96 “C; [(Y]: + 3.3” (c 1.44, H,O); 
‘“C NMR (D,O): 6 39.3,43.0, 67.6, 73.8, 77.5, 78.7, 86.3. Anal. Calcd for C,H,,NO,S: 
C, 32.43; H, 6.61; N, 5.40; S, 12.37. Found C, 32.22; H, 6.68; N, 5.31; S, 12.43. 

2-Amino-3,6-unhydro-2-deoxya-glucitol (14b).-2-Amino-2-deoxy-b-glucitol . HCl 
(13; 2.00 g, 9.19 mmol) was dissolved in anhyd HF (15 mL) while cooling in an 
ice-acetone bath. Hydrogen chloride was evolved. Formic acid (0.17 mL, 0.5 equiv) 
was added and the mixture was left for 4 h at room temperature. Workup and ion 
exchange as above yielded 14b as a colourless oil that crystallized during 2 days (1.5 g). 
The crude 14b was dissolved in boiling abs EtOH (10 mL) and the solution filtered 
through a small pad of Celite. The Celite was washed with EtOH (5 mL) and the filtrate 
was allowed to cool. The solution was seeded and left at - 10 “C for 2 days. The 
crystals were isolated, washed with cold EtOH and ether, and dried in vacua. The yield 
of 14b was 1 .OO g (67%): mp 97-102 “C; [a]:: +4.5” (c 1.64, H,O); ‘jC NMR (D,O): 
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6 51.7, 64.3, 71.6, 72.0, 72.2, 81.1. Anal. Calcd for C,H,,NO,: C, 44.17; H, 8.03; N, 
8.58. Found C, 44.23; H, 8.08; N, 8.83. 

I-Amino-2,5-anhydro-I,6-dideoxy-D-gulitol oxalute (16b) [4].- 1 -Amino- 1 -deoxy-L- 
rhamnitol . HCl (15; 3.00 g, 14.9 mmol) was dissolved in anhyd HF (21 mL) and formic 
acid (0.56 mL, 14.9 mmol) was added. The mixture was left at room temperature for 16 
h. Workup and ion exchange to give the free amine were performed as above. The 
resulting semicrystalline oil was extracted with abs EtOH (50 mL) at room temperature 
and the solution filtered through a small pad of Celite. Evaporation of the solvent gave a 
colourless oil (2.58 g), which was not dried further. The oil was again dissolved in EtOH 
(50 mL) and oxalic acid (- 0.7 g, 0.5 equiv) dissolved in EtOH was added until pH 
_ 3-4. The precipitate was recrystallized from a total of 210 mL of abs EtOH. After 
seeding and slow cooling to room temperature followed by standing for several days at 
- 10 “C, colourless crystals (fine needles) were isolated. The crystals were washed with 
cold EtOH and ether, and dried in vacua. The yield of 16b was 1.90 g (66% overall); mp 
143- 145 “C (slightly hygroscopic); [a]: -41.1” (c 1.72, H,O), lit. for the enan- 
tiomeric hydrochloride (syrup) [a];’ $46” (H?O) [4]; “C NMR (D,O): 6 13.8, 42.2, 
78.3, 79.1, 80.5, 81.6, 174.2. Anal. Calcd for C,H,_,NO, .0.3 H,O: C, 42.55; H, 7.45; 
N, 7.09. Found C, 42.51; H, 7.45; N, 7.13. 

2,5-Anhydro- 1,6-dideoxy- I -dimethylamino-D-gulitol hydrochloride (18b).- 1 -Deoxy- 
I-dimethylamino-L-rhamnitol (17; 2.00 g, 10.3 mmol) was dissolved in anhyd HF (15 
mL) while cooling in an ice-acetone bath. Formic acid (0.43 mL, I I mmol) was added, 
and the mixture was left for 16 h at room temperature. Workup and ion exchange as 
above yielded the free amine as a colourless oil that was dissolved in abs EtOH. The 
solution was filtered to remove some insoluble impurities, then acidified with HCI (4 M) 
and evaporated to yield a colourless crystalline material. Recrystallization from abs 
EtOH yielded colourless crystals which were isolated at 0 “C, washed twice with cold 
EtOH, and dried in vacua. The yield of 18b was 1.77 g (81%). A sample was 
recrystallized for analysis; mp 154- 155 “C, lit. for the enantiomeric species 152- I54 “C 
[4]; [cx]~ - 59.5” (c 1.70, H,O), lit. for the enantiomeric species [al? + 57.7” (H,O) 
[4]; ‘H NMR (500 MHz, D,O, ref. sodium 4,4-dimethyl-4-silapentane- 1 -sulfonate, 
DSS): 6 1.26 (d, 3 H, H-6), 2.94 (s, 6 H, N-methyl), 3.37 (dd, H-la), 3.42 (dd, H-lb), 
4.00 (dd, H-3), 4.04 (dd, H-4), 4.06 (dt, H-2), 4.26 (dq, H-5); J,,,,, 13.3, J,a,2 10.0, 
J 3.3, J,, 3.3, J,, 1.5, J4,5 3.5, J5 b 6.3 Hz; 13C NMR (D,O): S 13.9, 42.5, 45.3, 
6$?, 78.6, 79.2, 79.3, 80.8. Anal. Calcdfor C,H,,ClNO?: C, 45.39; H, 8.57; Cl, 16.75; 
N, 6.62. Found C, 45.39; H, 8.56; Cl, 16.42; N, 6.72. 

2,5-Anhydro-l,6-dideoxy-l-trimethylammonio-~gulitol chloride (19).-The dimeth- 
ylamine hydrochloride 18b (0.50 g, 2.36 mmol) was converted into the free amine by 
passing through a column of IRA-420 (OH-) resin (20 mL). Elution with water until the 
eluate was neutral and evaporation to dryness yielded 0.38 g (93%). The crude product 
was treated with Me1 (0.62 g, 2 equiv) in acetone (10 mL) for 4 days at room 
temperature. Evaporation followed by evaporation with abs EtOH left the trimethyl- 
ammonium iodide as a yellow oil. The oil was dissolved in water (20 mL) and treated 
with AgOAc (0.39 g, 2.36 mmol). After stirring for 2 h, AgI was filtered off, and the 
filtrate was saturated with H,S and filtered with activated charcoal. The filtrate was 
acidified with 4 M HCI and evaporation followed by coevaporation with EtOH yielded 
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0.49 g (92% from the free amine) of 19 as a colourless oil which slowly crystallized. 
The crystals were filtered off using 1:2.5 2-propanol-ether and dried in vacua; 0.40 g 
(65% overall); mp 137-139 “C, lit. for the enantiomeric species 118-120 “C 141; [ alg 
- 47.2” (c 1.13, H,O), lit. for the enantiomeric species [al? +44.4” (H,O) [4]; 13C 
NMR (D,O): 6 81.9, 79.5, 79.0, 78.1, 69.1, 54.8, 14.1. Anal. Calcd for C,H,,ClNO-,: 
C, 47.89; H, 8.93; N, 6.21. Found C, 47.63; H, 8.55; N, 6.11. 

3,6-Anhydm-D-arabino-hexosulose phenylosotriazole (21).-D-arabino-Hexosulose 

phenylosotriazole [39] (20; 2.00 g, 7.54 mmol) was dissolved in anhyd HF (15 mL) 
while cooling in an ice-acetone bath. Formic acid (0.14 mL, 3.7 mmol) was added and 
the solution left for 12 h at room temperature. The HF was evaporated in a stream of air 
followed by coevaporation of the residue three times with MeOH. Addition of water to 
the resulting light-tan oil caused precipitation of 21 as a white powder. The product was 
transferred to a polyethylene Biichner funnel, washed with cold water, and air-dried. The 
yield of the crude product was 1.82 g (N 98%). Recrystallization from EtOH-water 
yielded colourless needles which were isolated at 0 “C, washed with cold water, and 
dried in vacua over coned H,SO,; 1.49 g (81%); mp 99.5-101 “C, lit. 102-103 “C [29], 
lit. 101-102 “C [30]. A sample was recrystallized for analysis; mp 100-100.5 “C; [a]: 
-36.5” (c 0.95, CHCl,), lit. -37” (c 0.9, CHCl,) [29,30]; 13C NMR (Me,SO-d,): S 
71.0, 71.6, 72.0, 75.9, 118.1, 127.4, 129.7, 136.5, 139.2, 148.5. Anal. Calcd for 
C,,H,,N,O,: C, 58.29; H, 5.30; N, 16.99. Found C, 58.05; H, 5.44; N, 16.83. 
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