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ABSTRACI 

Three diazirines 2-axi-2-deoxy-o-urabino-hexitol (41, its l-deoxy analogue (S), and 3-axi-3,6-dideoxy- 
r_-xylo-hexitol (9) were synthesised and their products of photolysis analysed by TLC. Diazirine 4 gave 
exclusively 2deoxy-o-arubirw-hexose (121, 5 gave predominantly 1,2-dideoxy-D-erythro-3-hexulose (10) 
and 1-deoxy-o-glucitO1 (ll), and 9 did not yield any main product. Carrying out the irradiation of 4 in 
D,O gave selectively (2S@koxy-oarubzizo-@*H)hexose (12a). The results indicate that photolysis of 
a diaxirine flanked by a hydroxymethyl group, as in compound 4, leads to a rapid and stereoselective 
intramolecular reaction of the intermediate. This may be an explanation of why compound 4 is 
ineffective as a photoaffinity reagent for mannitol permease (o-mannitol-specific enzyme II) of the E. 
coli phosphotransferase system for which it is a substrate. A secondary hydroxymethylene group has a 
less pronounced effect and still allows some reaction with the medium. 

INTRODUCTION 

Derivatives of monosaccharides carrying photolabile diazirino groups, such as 
6-azi-6-deoxy-D-glucose (1) and -o-galactose (21, as well as kzi-4deoxy-n-xyZo- 
hexose (3), have been prepared in order to label chemically the hexose transport- 
ing system in red blood cellsl. All three compounds were specifically transported 
into and out of the red blood cells and had inhibition constants comparable to 
those of the natural hexoses’. Although radiolabelled 1 was found to label 
membrane protein in red blood cells specifically, though weakly, compound 3 was 
totally ineffective 3. 
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Recently, we prepared 2-azi-2-deoxy-D-arubino-heltitol (4) for affinity labelling 
of the mannitol transporting system in E. cd Although the compound is trans- 
ported effectively4, its radioactive analogue 4a failed to react with the transporting 
system on irradiation. Many efficient chemical modifications of different carbohy- 
drate-binding proteins have been achieved using diazirines of carbohydrate deriva- 
tives5, so the failure in two cases seems especially surprising. Comparing the 
structure of all diazirines that we have so far successfully applied’ with those that 
failed (3 and 4), the latter share a structural element not present in all the others. 
Compounds 3 and 4 carry a free hydroxyl group on a carbon atom adjacent to the 
diazirino group. By preparing, in addition to compound 4, two more diazirines of 
hexitols and analysing the products of photolysis, we planned to show why 
compounds like 4 are incapable of reacting with a receptor protein after activation 
by photolysis. 

RESULTS AND DISCUSSION 

Nazi-2-deoxy-D-arab-hexitol (4) was synthesised from o-fructose diethyl 
dithioacetal, via its 5,6-0-isopropylidene derivative. Liberation of the keto group 
was followed by its conversion into a diazirino group6. Deblocking yielded com- 
pound 4 in good yield. 

The 1-deoxy analogue of 4, 2-a&1,2-dideoxy-D-arabirao-hexitol (5) can be de- 
rived from 3,4 : 5,6-di-0-isopropylidene-D-glucose diethyl dithioaeetal (61, which is 
a byproduct of the synthesis7 of 2,3 : 5,6-di-0-isopropylidene-D-glucose diethyl 
dithioacetal(7). The dithioacetal 6, after reductive desulfurisation by Raney nickel 
and subsequent oxidation of the 2-hydroxyl group, yields l-deoxy-3,4 : 5,6-di-o-iso- 
propylidene-D-fructose which can be converted into the diazirine 8; deblocking 
then gives the diazirine 5. Similarly, 7 is the starting material for the preparation of 
3-azi-3,6-dideoxy-r_-xyb-hexitol (9), a positional isomer of 5. 
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Whereas the diazirine 4 competitively inhibits o-mannitol transport in E. coli, 5 

is only a feeble inhibitor and 9 does not inhibit at all. None of these compounds (4, 
5, and 9) irreversibly deactivates o-mannitol transport on irradiation. Equally, no 
radioactivity was incorporated into the proteins of the transporting system when 4a 
was used as photoaffinity reagent4. 

This ineffectiveness as a photoaffinity label is not surprising with compound 9, 
since it has no affinity for the transporting system. However, it is surprising that 
compounds 4 and 5, being competitive inhibitors, do not effect any chemical 
modification. 

Although several pathways for the transformations of an irradiated diazirine are 
possible’, the products in a protic solvent like water are always of the same type 
and well-defined. With C-alkylated diazirines, two kinds of main reaction products 
are formed in water: unsaturated compounds derived from intramolecular rear- 
rangements of a carbene as a likely primary intermediate of photolysis, or alcohols 
as intermolecular insertion products’. 

The latter type of reaction can, in photoaffinity labelling, lead to chemical 
modification of a receptor protein if there is sufficient proximity between reac- 
tants. The reason why compound 4 fails as a photoaffinity label could be an 
exclusive and very rapid intramolecular reaction of the carbene. 

When compounds 4, 5, and 9 are irradiated in water, the half-life of photolytic 
decay is similar in all three cases. TLC analysis of the resulting solutions, however, 
reveals striking differences. Compound 9 yields a very complex mixture of at least 5 
products, none of which could be isolated. Compound 5 gave 7 detectable prod- 
ucts, but two main products 10 and 11 as shown by ‘H NMR spectra. Compound 4 
was quantitatively converted into 2-deoxy-D-QruBkzo-hexose (12), identified by 
comparison with an authentic sample. This chemical specificity is accompanied by 
a stereoselective incorporation of one deuterium into the 2-position of 12 when 
photolysis of 4 is carried out in deuterated water. 

7 8 9 



136 J. Lehmann, S. Petv/Carbohydr. Res. 293 (1993) 133-142 

10’ 11 12 120 

It is apparent from this result that an intramolecular reaction assisted by the 
neighbouring primary hydroxyl group is kinetically dominating. This excludes any 
intermolecular reaction, except the addition of a proton which could well be 
stereoselectively donated by a hydroxyl group of the substrate. The assistance of a 
neighbouring hydroxyl group in the rapid reaction of a carbene is also demon- 
strated by the formation of 10 from compound 5. The two major reaction products 
derived from compound 5 exclude the participation of the methyl group to any 
significant extent. Since no primary hydroxyl group is present, the secondary 
hydroxyl group in 5 assists the reaction and is converted into a ketone group, 
analogous to the formation of an aldehyde group from the primary hydroxyl group 
neighbouring the carbene derived from compound 4. Part of the carbene reacts by 
insertion to yield compound 11. From these findings, it appears that hydroxy1 
groups flanking photochemically produced carbenes favour an intramolecular 
reaction. Kinetic assistance by a primary hydroxyl group seems to be preferred, so 
that any intermolecular insertions are suppressed. 

EXPERIMENTAL 

Genmd met/&s.-All reactions were monitored by TLC on Silica Gel 60 F,, 
(Merck). Flash chromatography’s used ICN-silica 32-63 (ICN Biomedicals). HPLC 
was performed with an LKB HPLC controller, two pumps, a variable wavelength 
monitor, and a Shimadzu C-R2AX integrator. Radioactive material was detected 
either radioautographically (Agfa-Geveart Curix X-ray film) or with a Berthold 
automatic TLC-linear analyzer LB 2821. Radioactive samples in solution were 
assayed in a Berthold BF-815 liquid scintillation counter, using Quickszint 501 
(Zinsser). Melting points were measured with a Biichi apparatus and are uncor- 
rected. Optical rotations were obtained with a Schmidt & Haensch Polartronic I 
polarimeter. Photolysis of compounds 4, 5, and 9 was performed with a Rayonet- 
RPR-lOO-reactor equipped with 16 RPR 3500 A lamps. UV spectra and extinction 
coefficients were recorded with a Zeiss PMQ II spectrophotometer. ‘H NMR 
spectra were recorded with a Bruker WM 250 spectrometer at 250 MHz for 
solutions in CDCl, (internal Me,Si). IR spectra were recorded with a Perkin-Elmer 
1320 spectrophotometer. Elemental analyses were obtained with a Perk&Elmer 
240 analyser. 

* May exist in equilibrium with cyclic forms, but can be converted under mild conditions into the 
acyclic triacetate 



J. Lehmann, S. Petry /Carbohydr. Res. 293 (1993) 133-142 137 

5,6-O-Zsopropyiidene-D+uctose diethyl dithioacetal (13).--D-Fructose diethyl di- 
thioacetali’ (35 g, 0.107 mol) was dissolved in DMF (500 mL). After addition of 
p-toluenesulfonic acid monohydrate (1.2 g, 5.8 mmol) to the stirred solution, 
2-methoxypropene (10.53 g, 0.14 mol) was added at 25°C dropwise over a period of 
15 min. The reaction mixture was left for 2 h, then poured into cold satd aq 
NaHCO, (500 ml), and 13 was extracted from the aqueous solution with ether 
(4 x 200 mL). The organic layer was dried (Na,SO,) and, after filtration, the 
solvent was evaporated in vacua to yield an oily residue, which was purified by 
flash chromatography (3 : 1 cyclohexane-EtOAc). Chromatographically uniform 13, 
Rf 0.62 (5: 1 EtOAc-MeOH), crystallised from MeOH-ether (27.8 g, 70%); mp 
5860°C; [ a]2 -128” (c 1.1, CHCl,); ‘H NMR data: 6 1.27 (t, 6 H, CH,CH,), 
1.35, 1.43 (2 s, 6 H, CMe,), 2.72 (m, 4 H, S-CH,), 3.22 (d, 1 H, J3,4 6.5 Hz, H-3), 
3.59 (s, 3 H, OH), 3.91 (m, 2 H, H-4,5), 4.10 (m, 4 H, H_la,lb,6a,6b). Anal. Calcd 
for C,,H,O&: C, 47.85; H, 7.98; S, 19.63. Found: C, 47.66; H, 8.23; S, 19.83. 

5,6-0-Zsopropy~idene-D-frslctose (14).-The dithioacetal 13 (6 g, 18.4 mmol) was 
dissolved in acetonitrile (40 mL) and HgO (7.8 g, 36 mmol) was added to this 
solution. With stirring, a solution of HgCI, (9.8 g, 36 mmol) in acetonitrile (40 mL) 
was then added slowly. Stirring was continued (- 2 h) until no more starting 
material could be detected by TLC. After removing insoluble material by filtration, 
the filtrate and washings were evaporated in vacua. The residue was purified by 
flash chromatography (5 : 1 EtOAc-MeOH) to give 14 as a colourless oil (2.4 g, 
59%), which decomposed rapidly and had to be converted without further purifica- 
tion; Rf 0.52 (5 : 1 EtOAc-MeOHk ZJ~% 1740 (C=O) cm-‘. 

2-Azi-2-deoxy-5,6-O-isopropylidene-D-arabino-he_xitof (15).-Into a solution of 14 
(1.0 g, 4.55 mm00 in dry MeOH (100 mL), dry NH, was condensed at -20°C until 
the volume of the solution had increased by N 20%. A solution of hydroxylamine- 
O-sulfonic acid (750 mg, 7.7 mmol) in dry MeOH (25 mL) was then added 
dropwise. Stirring at - 20°C was continued for 2 h and the mixture then allowed to 
reach 25°C slowly overnight. Precipitated ammonium sulfate was removed by 
filtration. Excess of NH, was removed by evaporating the solution in vacua to a 
volume of - 25 mL. This solution was then made up with dry MeOH to 50 mL and 
triethylamine (5 mL) was added. Oxidation of the diaziridine was then carried out 
by adding iodine at 0°C until the red-brown colour persisted for at least 15 min. 
After stirring at 25°C for 30 min, the solvent was removed by evaporation in vacua. 
Flash chromatography (1: 2 cyclohexane-EtOAc) of the dark-red residue yielded 
compound 15 (428 mg, 40.5%), isolated as a colourless oil; Rf 0.6 (5: 1 EtOAc- 
MeOH). 

1,3,4-Tri-O-acebyl-2-azi-2-deoxy-5,6-O-~op~~lidene-~-arabino-h~itod (14).- 
Compound 15 (500 mg, 2.16 mm00 was acetylated and worked up in the conven- 
tional way, using pyridine (10 mL) and acetic anhydride (5 mL). Flash chromatog- 
raphy (5 : 1 cyclohexane-EtOAc) of the residue gave 16 as a colourless oil (527 mg, 
68%); R, 0.49 (1: 1 cyclohexane-EtOAc); ‘H NMR data: 6 1.32, 1.43 (2 s, 6 H, 
CMe,), 2.10, 2.13, 2.17 (3 s, 9 H, 3 OAc), 3.81 (dd, 1 H, J5,6a 5, Jha,& 9 Hz, H-6a), 
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3.97 (m, 3 H, H-la,lb,6b), 4.10 Cm, 1 H, J4,5 7.5 Hz, H-9, 5.19 (d, 1 H, J3,4 3 Hz, 
H-31, 5.42 (dd, 1 H, H-4). 

2-Rzi-2-deoxy-D-arabino-hexitol (4).-Compound 15 (486 mg, 2.09 mmol) was 
dissolved at 25°C in aq 30% acetic acid and the hydrolysis monitored by TLC. 
After 10 h, the starting material had disappeared. Solvent was removed by 
codistillation with toluene in vacua. The remaining oil was purified by flash 
chromatography (5 : 1 EtOAc-MeOH). Compound 4 crystallised from EtOH-ether 
(200 mg, 50%); R, 0.26 (5 : 1 EtOAc-MeOH), 0.49 (7 : 2 : 1 EtOAc-MeOH-H,O); 
mp 102-105”C, [(Y]E -104” (c 1.1, H,O); A,, 335 nm (E 53); t,,, 12 min (decay 
on irradiation at 350 nm>. Anal. Calcd for C,H,,N,O,: C, 37.55; H, 6.30; N, 14.57. 
Found: C, 37.59; H, 6.33; N, 14.46. 

I 3 4 5 6-Pentu-O-acety~-2-azi-2-~~~-D-arabino-~~~to~ (17X-Compound 4 (15 , 9 , f 
mg, 0.05 mm00 was acetylated and worked up as described for compound 16. Final 
purification of crude 17 was carried out by flash chromatography (2 : 1 cyclohex- 
ane-EtOAc) to yield a colourless oil (15 mg, 74.6%); R, 0.26 (2: 1 cyclohexane- 
EtOAc); ‘H NMR data: 6 2.06 (s, 3 H, OAc), 2.07 (2 s, 6 H, 2 OAc), 2.13, 2.20 (2 s, 
6 H, 2 OAc), 3.85 (d, 1 H, Jla,rb 13.5 Hz, H-la), 4.10 (d, 1 H, H-lb), 4.17 (m, 2 H, 
J 5,621 3, Jw 4.5, J6a,6b 12 Hz, H-6a,6b), 5.13 (ddd, 1 H, J4,5 9 Hz, H-5),5.19 (d, 1 H, 
J3,4 3 Hz, H-3), 5.63 (dd, 1 H, H-4). 

1,3,8-T~-O-Qcebyl-2-Qz~-2-d-D-arabino-~to~ (18X-Compound 16 (500 mg, 
1.4 mmol) was submitted to mild hydrolysis at 25°C in 30% aq acetic acid (10 rnL). 
The stirred suspension eventually became clear. After 48 h, water (20 mL) was 
added and acetic acid was carefully neutralised by addition of solid NaHCO,. 
Then the aqueous mixture was extracted with CH,CI, (3 X 30 mL>, the organic 
layer was washed with water (30 mL), dried (Na,SOJ, and evaporated in vacua, 
and the residue was purified by flash chromatography (1: 2 cyclohexane-EtOAc) 
to yield 18 as a colourless oil (369 mg, 83%); R, 0.2 (1: 2 cyclohexane-EtOAc). 
Since there is danger of ace@-migration, the compound cannot be stored. 

1,3,4,5-Tatra-O-acebyl-2-azi-2-~~-4-0-triphenyZ~ethyZ-D-arabino-hexitoZ (19). 
-Compound 18 (550 mg, 1.57 mm00 was dissolved in pyridine (10 mL) containing 
triphenylmethyl chloride (1.1 g, 4 mnrol) and stirred at WC. After - 4 h, no more 
starting material could be detected by TLC, and pyridine was then removed by 
codistillation with toluene in vacua. Flash chromatography (2 : 1 cyclohexane- 
EtOAc) of the residue yielded a colourless oil, R, 0.64 (1: 2 cyclohexane-EtOAc), 
which was immediately acetylated and worked up as described for compound 16. 
Final purification by flash chromatography (3 : 1 cyclohexane-EtOAc) yielded 19 
as a colourless oil (580 rug, 64%); R, 0.37 (3 : 1 cyclohexane-EtOAc). 

1,3,4,5-Tetra-O-acetyl-2-azi-2-deoxy-~-arabino-ht~itoZ (20).-Compound 19 (250 
mg, 0.43 mmol) was dissolved in dry acetonitrile (5 mL). Sodium iodide (226 mg, 
1.5 mmol) and chlorotrimethylsilane (0.195 mL) were added at 0°C under stirring. 
After 15 min, ice-cold water (10 mL) and 10% aq Na,SO, (10 mL) were added, 
and the mixture was extracted with CH,Cl, (3 x 20 mL). The dried (Na,SO,) 
organic solution was evaporated in vacua and the residue purified by flash 
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chromatography (1: 1 cyclohexane-EtOAc) to yield 20 as a colourless oil (100 mg, 
65%). Acetylation, as described for 16, yielded a product which was identical with 
compound 17. 

1,3,4,5,6-Penfu-0-acetyl-2-azi-2-~e~~-D-arabino-(6-3H)hexitol (17a).-Com- 
pound 20 (200 mg, 0.6 mm011 was dissolved in dry CH,Cl, and stirred overnight at 
25°C with pyridinium chlorochromate. The black reaction mixture was submitted 
to flash chromatography (1: 1 cyclohexane-EtOAc), and the resulting product was 
immediately taken up in dry MeOH (16 mL>. Part of the solution (2 mL) was 
treated with methanolic M NaOMe (3 drops) and subsequently added to a fresh 
sample of NaB3H, (- 100 mCi; 69.6 Ci/mmol). The reaction mixture was left for 
30 min, then, after evaporation in vacua, submitted to flash chromatography (5 : 1 
EtOAc-MeOH). The product associated with the main radioactivity (- 30 mCi) 
was reacetylated and worked up in the usual manner. The radioactive compound 
20 was uniform by TLC and indistinguishable from 17 obtained by per-O-acetyla- 
tion of 4; R, 0.26 (2 : 1 cyclohexane-EtOAc). Equally, the deacetylated (ZemplCn 
method) 4a was uniform and indistinguishable by TLC from 4; Rf 0.26 (5 : 1 
EtOAc-MeOH). Compound 4a was used as such for photoaffinity labelling experi- 
ments. 

Lktennination of purity of radioactive compound 4a by cocrystallisation with 
4.-Pure, crystalline 4 (50 mg) was dissolved in MeOH (0.5 mL) containing 4a 
(11.9 x 10’ cpm). Crystallisation was induced by careful addition of ether. Crystals 
were collected (40 mg> and the radioactivity of an aliquot was determined. The 
crystalline, radioactive sample (38 mg) was again submitted to crystallisation and 
again an aliquot of the crystalline sample counted for radioactivity. Radioactivity 
per 50 mg of 4 was, after subsequent crystallisations: 0,ll.g X lo7 cpm; 1,3.6 X 10’ 
cpm; 2, 3.6 X lo7 cpm. Therefore, only 30.3% of the total radioactivity was 
associated with 4. It is likely that the rest is associated with epimers of 4 formed by 
isomerisation of oxidised compound 20 under thq basic conditions used in the 
reduction with NaB3H,. 

I-l&~xy-3,4:5,6-di-0tiopropylidene-D-glucitol (21).-A solution of 3,4 : 5,6-di- 
O-isopropylidene-D-glucose diethyl dithioacetal’ (6; 4 g, 10.62 mmol) in EtOH (150 
mL) was treated with Raney nickel (100 mL) for 3 h under reflex. The mixture was 
filtered and the residue extracted with hot EtOH (100 mL). Filtrate and washings 
were combined and the solvent was removed in vacua. Flash chromatography (1: 2 
cyclohexane-EtOAc) of the residue yielded 21, isolated as a colourless oil (2.4 g, 
91%); R, 0.26 (1:2 cyclohexane-EtOAc); [a]: + 17.5” (c 1, EtOAc); ‘H NMR 
data: S 1.27 (d, 3 H, J1,* 6 Hz, CH,), 1.34, 1.38 (2 s, 6 H, CMe,), 1.42 (d, 6 H, 2 
CMe,), 2.43 (d, 1 H, OH), 3.87 (m, 3 H, H-4,6a,6b), 3.96 (dd, 1 H, H-5). Anal. 
Calcd for C,,H,,O,: C, 58.50; H, 9.00. Found: C, 58.07; H, 8.88. 

I-L)ea~y-3,4: 5,6-di-0-isopropylidene-D-fnrctose (22).-Under anhydrous condi- 
tions, dicyclohexylcarbodiimide (3.5 g, 17 mmol), H,PO, (180 mg, 1.4 mmol), and 
4A molecular sieve were added to a solution of compound 21 (1.4 g, 5.6 mmol) in 
Me,SO (50 mL). The mixture was left for 15 h at 25°C. After addition of water 
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(100 mL), 22 was extracted with CHCl, (3 X 50 mL). The organic layers were 
combined and dried (Na,SO,). After filtration and evaporation of the solvent, the 
remaining yellow oil was purified by flash chromatography (1: 3 cyclohexane- 
EtOAc) to yield 22 as a colourless oil (1 g, 73%); R, 0.45 (2 : 1 cyclohexane-EtOAc); 
[(Y]E +6.5” (C 1.1, EtOAc); ‘H NMR data: S 1.34, 1.37, 1.43, 1.47 (4 s, 12 H, 2 
CMe,), 2.31 (s, 3 H, CH,), 3.98 (ddd, 1 H, H-6a), 4.08-4.21 (m, 3 H, H-4,5,6b), 
4.35 (d, 1 H, J3,4 6 Hz, H-3). Anal. Calcd for C,,H,O,: C, 58.99; H, 8.25. Found: 
C, 59.14; H, 8.47. 

2-Azi-1,2-dideoxy-3,4 : 5,6-di-O-isopropylidene-o-arabino-he&o1 @).-A solution 
of 22 (850 mg, 3.5 mmol) in MeOH (100 mL) was treated with NH, as described 
for compound 15. A solution of hydroxylamine-U-sulfonic acid (600 mg, 5.3 mmol) 
in MeOH (25 mL) was added dropwise. After oxidation with I,, the resulting red 
oil was finally purified by flash chromatography (10 : 1 cyclohexane-EtOAc) to 
yield 8 as a colourless oil (471 mg, 52.2%); Rf 0.55 (2 : 1 cyclohexane-EtOAc); ‘H 
NMR data: S 1.13 (s, 3 H, CH,), 1.30, 1.32, 1.37, 1.53 (4 s, 12 H, 2 CMe,), 3.73 (m, 
2 H), 3.93-4.10 (m, 2 H), 4.15 (m, 1 H, H-3); A,, 340 nm. 

3,4,5,6-Tetra-O-acetl-2-azi-1,2-d~e~-D-arabino-h~itoZ (23).-Compound 8 
(471 mg, 2.69 mmol) was hydrolysed at 25°C with 80% trifluoroacetic acid (6 mL). 
The reaction was monitored by TLC (27: 2: 1 EtOAc-MeOH-H,O). After 4 h, 
only one product (Rf 0.3) could be detected. Trinuoroacetic acid was removed in 
vacua and the residue was acetylated and worked up as described for 16. The 
resulting oil (Rf 0.76) was purified by flash chromatography (3: 1 cyclohexane- 
EtOAc) to yield a colourless oil (480 mg, 79.7%), which crystallised from diethyl 
ether (3 mL) to give 23 (350 mg, 58%); mp 76°C; ‘H NMR data: 6 1.11 (s, 3 H, 
CH,), 2.04 (s, 3 H, OAc), 2.08 (2 s, 6 H, 2 OAc), 2.24 (s, 3 H, OAc), 4.2 (dd, 2 H, 
H-6a,6b), 4.95 (d, 1 H, J 3 Hz, H-3), 5.14 (m, 1 H, H-5), 5.63 (dd, 1 H, H-4). Anal. 
Calcd for C,,H,N,O: C, 48.84; H, 5.86; N, 8.13. Found: C, 48.40; H, 5.77; N, 7.63. 

2-Azi-1,2-dideoxy-D-arabino-hexitol @).-Compound 23 (320 mg, 0.93 mmol) 
was dissolved in dry MeOH (10 mL) and three drops of methanolic M NaOMe 
were added. After 1 h, the reaction mixture was homogeneous by TLC (Rf 0.30; 
27: 2: 1 EtOAc-MeOH-H,O) and the solution was filtered through silica gel 
(MeOH). The solvent was evaporated in vacua to yield an oil (143 mg, 87%) which 
crystallised from EtOH (1 mL) to give 5 as colourless crystals (98 mg, 60%); [(Y Jg 
-24” (c 0.9, MeOH); mp 140°C; A,, 340 nm (E 47); t,,, 3 min (decay on 
irradiation at 350 nm). 

I-Deaxy-2,3 : 5,6-di-O-isopropykdene-D-glucitol (24).-A solution of 2,3 : 5,6-di- 
O-isopropylidene-D-glucose diethyl dithioaceta17 (7; 2 g, 5.32 mmol) in EtOH (150 
mL) was treated with Raney nickel (50 mL) for 1 h under reflux. The mixture was 
filtered and worked up as described for 21. The resulting yellow oil was purified by 
flash chromatography (3 : 1 cyclohexane-EtOAc) to yield 24 as a light-yellow oil (1 
g, 76%); Rf 0.25 (2: 1 cycIohexane-EtOAc); [cylg - 13” (c 1.1, CHCl,); iH NMR 
data: 6 1.31 (d, 3 H, J1,2 3 Hz, CH,), 1.36 (s, 3 H, CMe,), 1.40 (s, 6 H, CMe,), 1.46 
(s, 3 H, CMe,), 2.49 (d, 1 H, OH), 3.40 (ddd, 1 H, H-4), 3.77 (dd, 1 H, H-6a), 
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3.97-4.2 (m, 4 H, H-2,3,5,6b). Anal. Calcd for C12H,,0,: C, 58.50; H, 9.00. Found: 
C, 58.17; H, 8.87. 

6-LIeoxy-1,2: 4,5-di-0-isopropyiidene-L-xylo-3-hemlose (25).-A solution of com- 
pound 24 (9.5 g, 38.2 mmol), H,PO, (1 g, 10 mmol), dicyclohexylcarbodiimide (23.7 
g, 115 mmol), and 4A molecular sieve in Me,SO (250 mL) was stirred at 25°C for 
48 h under anhydrous conditions. A solution of oxalic acid (6.9 g, 76.6 mm00 in 
MeOH (50 mL) was added dropwise over a period of 45 min. After addition of 
water (300 mL), 1,3-dicyclohexylurea was separated by filtration and the filtrate 
worked up as described for 22. The residue was purified by flash chromatography 
(3 : 1 cyclohexane-EtOAc) to yield 25 as a colourless oil (5 g, 51%); R, 0.44 (2 : 1 
cyclohexane-EtOAc); [cw]~ + 19“ (c 1, EtOAc); ‘H NMR data: S 1.41 (d, 3 H, J1,2 
3 Hz, CH,), 1.44 (s, 6 H, CMe,), 1.45, 1.49 (2 s, 6 H, CMe,), 4.02 (dd, 1 H, JIa,z 6, 
.I la,lb 9 Hz, H-la), 4.15 (m, 2 H, H-4,5), 4.33 (dd, 1 H, J 7.5 Hz, H-lb), 4.9 (dd, 1 H, 
H-2). Anal. Calcd for C,,H,O,: C, 58.99; H, 8.25. Found: C, 57.50; H, 8.24. 

6-Deoxy-L-rqlo-3-hex&e (26).-Compound 25 (4 g, 16.4 mmol) was hydrolysed 
(15 h) with trifluoroacetic acid (80%, 10 mL) and worked up as described for 23. 
Flash chromatography (5 : 1 EtOAc-MeOH) of the residue yielded 26 as a colour- 
less oil (1.7 g, 62%); Rf 0.5 (7 : 2 : 1 EtOAc-MeOH-H,O); v,“,” 3500-3000 (OH), 
1720 (C=O) cm-‘. 

1,2,4,5-Tetra-O-acetyl-3-a.zi-3,6-dideoxy-1_-xylo-hexitol (27).-A solution of 26 (1.5 
g, 9.14 mmol) in MeOH (100 mL) was cooled to -40°C and NH, was condensed 
until the volume increased by N 20%. At - 25°C a solution of hydroxylamine-O- 
sulfonic acid (1.58 g, 14 mm00 in MeOH (25 mL) was added dropwise. The 
mixture was treated as described for compound 15 and the residue acetylated with 
2 : 1 acetic anhydride-pyridine (30 mL>. Workup was carried out as described for 
16. Flash chromatography (3 : 1 cyclohexane-EtOAc) of the residue gave 27 as a 
colourless oil (0.9 g, 34%); R, 0.32 (2: 1 cyclohexane-EtOAc); ‘H NMR data: S 
1.27 (d, 3 H, & 6 Hz, 3 H-61, 2.07 (2 s, 6 H, 2 OAc), 2.1 (s, 3 H, OAc), 2.14 (s, 3 
H, OAc), 3.76 (dd, 1 H, Jla,rb 12, Jla,* 7.5 Hz, H-la), 4.14 (dd, 1 H, Jlb,2 4.5 Hz, 
H-lb), 4.88-5.02 (m, 2 H, J4,5 3 Hz, H-4,5), 5.29 (dd, 1 H, H-2). 

3-Azi-3,6-dideoxy-L-xylo-hexitol (9).-Compound 27 (500 mg, 1.45 mmol) was 
deacetylated as described for compound 5 to obtain a colourless oil, which was 
purified by chromatography on Sephadex G 25-M and freeze-dried to yield 9 as a 
colourless oil (214 mg, 83%); R, 0.30 (27:2: 1 EtOAc-MeOH-H,O); [a]g +27 
(c 1.1, MeOH); A, 330 mn (E 42); t,,, 11 min (decay on irradiation at 350 nm). 
Anal. Calcd for C,H,,N,O,: C, 40.91; H, 6.86; N, 15.90. Found: C, 39.50; H, 6.84; 
N, 14.66. 

Irradiation of 2-azi-2-deoxy-p-arabino-htitol (4).-A solution of 4 (25 mg, 0.13 
mm00 in H,O (2 mL) was irradiated for 1 h. The reaction was monitored by TLC 
(7 : 2 : 1 EtOAc-MeOH-H,O). Compound 4 (Rf 0.49) was converted into a single 
new product (Rr 0.43). After evaporation in vacua, the residue was purified by 
flash chromatography (5 : 1 EtOAc-MeOH) to yield a colourless oil (17 mg, 77%), 
which was indistinguishable by TLC (5: 1 EtOAc-MeOH, 27: 2: 1 EtOAc- 
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MeOH-H,O; 7 : 2 : 1 EtOAc-MeOH-H,O) from 2-deoxy-n-urabino-hexopyra- 
nose. The product was acetylated as described for compound 16, and the ‘H NMR 
data were compared with those of 1,3,4,6-tetra-O-acetyl-2-deoxy-Ddrabino-- 
pyranose, derived from commercial 2-deoxy-n-ambino-hexopyranose by acetyla- 
tion. The ‘H NMR data corresponded. 

When 4 was irradiated in D,O, one deuterium was incorporated into 2-deoxy- 
marabino-hexose in the axial position 2 to give (2S)_2-deoxy-D-arabino-(2- 
2H)hexose (12a), as shown by ‘H NMR data of the corresponding acetylated 
product: 6 2.1 (m, 12 H, 4 OAc), 2.30 (m, 1 H, H-2), 3.76 (m, 1 H, H-5), 4.08 (dd, 1 

H, J5,6a 2, J6a,6b 12 Hz, H-6a), 4.32 (dd, 1 H, J5,a,, 4.5 Hz, H-6b), 5.07 (m, 2 H, 
H-3,4), 5.8 (d, 0.5 H, J,,2 2 Hz, H-l/?), 6.27 (d, 0.5 H, J1,2 1.5 Hz, H-la). 

Irrudiation of 2-azi-1,2-dia’eoxym-arabino-hexitol (5) and 3-azi-3,4-dideoxy+ 
xylo-hmitol (9).-As described for compound 4, solutions of 5 (50 mg, 0.28 mmol) 
and 9 (50 mg, 0.28 mm00 in H,O (2 mL) were irradiated at 350 nm. After 
irradiation, 9 gave five products, none of which was predominant enough to be 
isolated. Compound 5 gave seven products (Rf: 0.49, 0.45, 0.33, 0.26, 0.21, 0.14, 
and 0.1) detectable by TLC (27 : 2 : 1 EtOAc-MeOH-H 20). The water was evapo- 
rated in vacua and the products were then separated by HF’LC (Hypersil ODS 5 
pm, 250 x 8 mm, 98 : 2 MeOH-H,O). The two principal products 10 (Rf 0.49, 20 
mg) and 11 (Rf 0.14, 6 mg) were isolated. Roth products were separately acety- 
lated as described for compound 16. The structures of 10 and 11 could be 
determined by the ‘H NMR spectra of the corresponding acetylated products. 

‘H NMR data of acetylated compound 10: 6 1.08 (t, 3 H, J1,2 7.5 Hz, CH,), 
2.05, 2.10, 2.19 (3 s, 9 H, 3 OAc), 2.57 (dd, 2 H, J2a,zt, 12 Hz, H-2a,2b), 4.25 (dd, 2 
H, H-6a,Bb), 5.34 (d, 1 H, J4,5 4.2 Hz, H-4), 5.46 (dt, 1 H, J4,5 6 Hz, H-5). 

‘H NMR data of acetylated compound 11: S 1.27 (d, 3 H, CH,), 2.05 (s, 3 H, 
OAc), 2.09 (3 s, 9 H, 3 OAc), 2.14 (s, 3 H, OAc), 4.13 (dd, 1 H, J5,6a 6, J6a,6b 12 Hz, 
H-6a), 4.25 (dd, 1 H, J5,6,, 3 Hz, H-6b), 5.05 (m, 2 H, H-5,2), 5.25 (dd, 1 H, J 3.8, J 
7.5 Hz, H-3), 5.44 (dd, 1 H, J 3.8, J 7.5 Hz, H-4). 
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