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ABsTRAcr 

The relative rates of protium-deuterium exchange, catalysed by deuterated 
Raney nickel in deuterium oxide, in various positions of 1,6-anhydrohexo- 
pyranoses and furanoses have been studied. Conditions have been found under 
which 1,6-anhydro-/3-D-galactopyranose may be labelled on C-3 and 1,6-anhydro-a- 
D-galactofuranose on C-2. 

INTRODUCTION 

In the first two papers of this Series ls2 it was shown that regioselective 
deuteration of polyols may sometimes be achieved by the KochStuart procedure3. 
In this method, a sugar, or a similar compound, is treated with Raney nickel in 
deuterium oxide, causing replacement by deuterium of hydrogen atoms that are 
bound to carbon atoms carrying free hydroxyl groups. In some cases, the rate of 
replacement within a molecule may vary considerably1,2*4-6; in a few instances, the 
variation is so great that it allows nearly complete deuteration in one position while 
hardly affecting the others. It was shown’ that the methyl glycosides are not 
particularly good subjects for such selective deuteration: their flexibility counteracts 
steric hindrances (which are the main cause of selectivity) and their sidechains are 
too readily deuterated. In this paper we describe the investigation of 1,6-anhydro- 
hexoses, which are rigid and have no sidechains. Many 1,Ganhydrohexoses are 
readily prepared by recently introduced methods718. 

Previously, it was found that equatorial hydrogen atoms exchange faster than 
axial ones, and a hydrogen atom syn-axial with an oxygen atom in a six-membered 
ring exchanges particularly slowly. A methoxyl group ci.r to a hydrogen atom 
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hinders the exchange, particularly in a five-membered ring. A hydrogen atom 
geminal to an isolated hydroxyl group (that is, one having no other hydroxyl group 
on a neighbouring carbon atom) exchanges very slowly; if the geminal hydroxyl 
group is not free (e.g., methylated), there is no exchange. 

As in the previous papers’**, our aim was to find compounds and conditions 
under which at least 90% of one hydrogen atom was exchanged while no more than 
10% exchanged in any other position. Material thus “labelled” would be suitable 
for the study of reaction mechanisms, n.m.r. spectra, or biosynthesis. 

1,GAnhydrohexopyranoses 
The 1,6-anhydrohexopyranoses were treated with deuterated Raney nickel 

in deuterium oxide as described before2*3 and the extent of deuteration was 
evaluated by integration of the rH- or 13C-n.m.r. spectra. The results are shown in 
Table I. 

The rate of exchange varies as would be expected from the behaviour of the 
cyclitols* and the methyl glycosides’. When H-3 is endo (axial), it is hindered by the 
anhydro bridge and exchange is very slow; when it is exo (equatorial), it exchanges 
rapidly. The equatorial H-4 in the allo and the altro isomers exchanges rapidly, but 
very slowly in the gluco and manno isomers where the geminal and the vicinal 
hydroxyl groups are both axial; this arrangement does not provide a favourable 
site for adsorption on the catalyst 2. The axial H-4 exchanges rapidly in the ido 
isomer but slowly in the gulo isomer in which it is syn-axial with O-2; this exchange 
is even slower in the galacto isomer where H-4 is syn-axial with O-2 and also lacks 
an equatorial neighbouring hydroxyl group. An equatorial hydrogen atom on 
C-2 exchanges slowly because it is cis to O-1 (allo, gulo), and it exchanges very 
slowly in the gZuco and galacto isomers where, in addition, it lacks the required 
equatorial neighbouring hydroxyl group. The axial H-2 in the ido isomer exchanges 

TABLE I 

HYDROGEN (EQIJIVS.) FOUND IN VARIOUS POSITIONS OF 1,6-ANHYDROHEXOPYRANOSES AFTER EXCHANGE= 

Anhydride T(“) t (min) H-2 H-3 H-4 H-5 Anal. methodb 

/3-D-allo- 100 60 0.48 0.95 0.03 1.00 ‘H (AC) in C,D, 
p-D-ako- 100 180 0.84 1.00 0.18 0.91 ‘H (AC) in CDCI, 
/3-D-galacto- 85 5 0.93 0.07 0.94 1.00 ‘H in D,O 
P-D-&lcO- 100 240 0.92 0.52 -0.90 -1.00 13C in D,O 

480 0.81 0 -0.55 -1.00 
SD-gUlO- 100 120 -0.35 -1.00 -0.45 0.94 13C in D,O 
/3-D-mannO- 100 180 0.96 0.55 0.97 1.00 ‘H (AC) in CDCI, 

360 0.93 0.18 0.90 1.00 
P-D-ido- 100 10 0.44 1.00 0.50 1.00 ‘H (AC) in CDCI, 

‘In all cases, H-l, H-6 and H-6’ were assumed, and found, to be 1 .OO. “H (AC) means ‘H-n.m.r. spec- 
trum of the acetate. 
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rapidly, but in the manno and altro isomers it is syn-axial with O-4 and hence 
exchange is very slow. 

As a consequence of this variation in the exchange rates, 1,6-anhydro-@D- 
galactopyranose (1) is specifically deuterated on C-3. As this anhydride is readily 
prepared8 and can be quantitatively hydrolysed to D-galactose by aqueous acids, this 
reaction constitutes a good method for labelling D-galactose with deuterium on 
C-3. The selectivity of the exchange of 1,6-anhydro+D-mannopyranose does not 
reach the standard we set ourselves, but would be sufficient for most purposes; this 
compound is readily prepared9 and would provide D-mannose labelled on C-3. 

The other anhydrides do not exchange specifically. According to the fore- 
going conclusions, in 1,6-anhydro+D-talopyranose, which we did not test, H-3 
would exchange rapidly but H-2 and H-4 would also react and there would not be 
sufficient specificity. 

1,6-Anhydro-P_D-galactopyranose isomerises readily under the conditions of 
the KochStuart exchange. Even after 10 min at 80“, small signals of isomers are 
visible in the n.m.r. spectrum; after 1 h, epimerisation is extensive. The epimers 
could be recognized in the 13C-n.m.r. spectrum (since the spectra of all of the 
diastereomers are knownlo) as 29% of the gulo (inversion on C-3), 14% of the tulo 
(inversion on C-2), and 15% of the ido isomer (inversion on C-2 and C-3). Balza 
and Perlin6 found that 1,6-anhydro+D-glucopyranose isomerizes, after 24 h, to 
give the allo (14%), the gulo (lo%), and the ido isomers (26%). Isomerisation 
therefore occurs most readily in those positions where deuterium exchange is the 
most rapid, and yields the thermodynamically most stable diastereomers. 

1,6-Anhydrohexofuranoses 
The 1,6-anhydrohexofuranoses used to be derivatives prepared with con- 

siderable difficulty in very small yields; a recent method’, however, allows the 
preparation of four diastereomers by a one-flask procedure in a short time and in 
reasonable yields. Only these four diastereomers were submitted to the Koch- 
Stuart procedure; the results are shown in Table II. 

TABLE II 

HYDROGEN (EQUIVS.) FOUND IN VARIOUS POSITIONS OF 1,6-ANHYDROHEXOFUR4NOSES AFl-ER EXCHANGE” 

Anhydride T(“) t (min) H-2 H-3 H-4 H-5 Anal. methadb 

P-D-dO- 100 240 0.81 0.52 0.85 0.53 ‘H (AC) in CJ&, 
a-D-galacto- loo 15 0 0.84 1.00 >0.97 IH (AC) in CDCI, 
ED-manno- 95 50 <0.20 co.20 1.00 0.40 13C in D,O 
a-D-talo- 100 300 0.93 0.86 0.86 1.00 ‘3C in D,O 

‘In all cases, H-l, H-6 and H-6’ were assumed, and found, to be 1.00. blH (AC) means Wn.m.r. spec- 
trum of the acetate. 
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Hog Ho& 
OH 

1 2 

It may be seen that when H-2 and H-3 are both exe (manno isomer), they 
both exchange rapidly. When they are both endo (allo, tale), both exchange slowly; 
H-2, which is also hindered by the anomeric oxygen atom, exchanges particularly 
slowly. In 1,6-anhydro-cw-~galactofuranose (2), where H-2 is exe but H-3 is endo, 
- and also hindered by O-5 - only the former exchanges rapidly, providing 
thereby another example of specific deuterium exchange. This was the only case 
amongst our compounds of an anhydrofuranose having O-2 and O-3 trans. 

Being geminal to an isolated hydroxyl group, H-5 generally exchanges slowly. 
However, when it is endo (as it is in the aflo and manno isomers) it exchanges 
readily; adsorption on the catalyst surface is then probably assisted by OH-3. In 
1,6-anhydro-a-D-talofuranose, all of the hydrogen atoms exchange slowly. 

Two instances require special comment: in 1,6-anhydro+D-allofuranose and 
in 1,6-anhydro-a-~talofuranose, H-4 exchanges, albeit slowly. This is in 
accordance with other instances amongst furanoses, as observed by Wu et al. ‘I, and 
it has the required steric arrangement, namely, O-2 is cis and O-l is trans to H-4. 

When the exchange with 1,6-anhydro-cw-D-galactofuranose is conducted for a 
prolonged period (6 h), the ‘H spectrum of the acetylated product shows the 
presence of a diastereomer (-20%). Inspection of the n.m.r. data - which are 
known for every diastereomer t2-t8 - shows that this is the altro isomer, formed by 
inversion at C-5. Only the signals of H-l, H-4, H-6, and H-6’ were visible; the 
hydrogen atoms on C-2, C-3, and C-5 had been completely replaced by deuterium. 
Inversion is therefore accompanied by deuteration, as expected. The reaction was 
then repeated in ordinary water and, as a result, the signals of H-3 and H-5 were 
also detected. The *“C-n.m.r. spectrum I9 showed five signals of 1,6-anhydro-fl-L- 
altrofuranose (that of C-2 coincides with the C-2 signal of the galacto isomer). No 
other signals were present: it is remarkable, and not easily explained, that inversion 
occurs only on C-5. In this case, the centre where inversion occurs is the one where 
deuteration is the slowest. 

To obtain some more information on the epimerisations that accompany 
deuteration, several exploratory experiments were conducted with small amounts 
of anhydrides and a very large excess of Raney nickel (to accelerate the epimerisa- 
tion). G.1.c. of the acetates was used to detect the isomers obtained; unfortunately 
this method did not separate all of the isomers. After a reaction of 2 h, 1,6-anhydro- 
a-D-galactofuranose (2) showed the presence, in addition to substantial proportions 
of the altro isomer, of small proportions of the al10 and traces of the manno isomer 
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(epimers of altro) and another peak which could be the tulo isomer (epimer of 
galucto) or the ido, gzdo, or gluco isomer. After 4 h, the allo and the other peak 
had increased but that of mwno remained very small. 

Treatment of 1,6-anhydro+-D-mannofuranose under these conditions for 2 h 
resulted in its almost complete disappearance: the main product is the a&o isomer 
(an epimer of manno), with smaller proportions of gulucto and al20 isomers 
(epimers of ultra) and another product, may be gluco. 

Under the same conditions, 1,6-anhydro-o-D-talofuranose epimerises slowly: 
after 10 h, the gulucto and the allo isomers were found (epimers of &lo) and also 
ultra (from gulucfo or aZZo) and small proportions of the gZuco and ido isomers. 

Epimerisation may thus occur on C-2, C-3, or C-5. It appears that the munno 
isomer, in which both O-2 and O-3 are endo, has low thermodynamic stability (as 
would the gulo isomer), and that the ultra isomer is the most stable. 

To summarise: work described in this and in the preceding paper1 has shown 
that o-galactose may be labelled by deuterium on C-2 (via the 1,6-anhydro- 
furanose), on C-3 (via the 1,6-anhydropyranose), and on C-3 and C-4 (via the 
methyl Bpyranoside); &ructose on C-3 (via the methyl pfuranoside) and on C-5 
(via the methyl jl-pyranoside); and D-mannose on C-3 (via the 1,6-anhydro- 
pyranose). We have found no derivative that allows the selective deuteration of 
D-glucose (in which all the hydroxyl groups are equatorial). 

It is not possible to achieve complete selectivity of labelling by this method 
(unless the compound has only one exchangeable hydrogen atom). In most cases 
this will not matter. Labelling by deuterium is used extensivelyZO for the assignment 
of n.m.r. spectra, for the study of reaction mechanism and pathways, biosynthesis, 
and metabolism. For most of these uses, the essential feature is the ability to 
recognise a particular hydrogen or carbon atom; for this, it is not imperative that 
the labelling by deuterium be complete, nor does it matter if there are small 
amounts of deuterium in other positions. Partial deuteratipn may even be an 
advantage. For example, in o-glucose labelled via the 1,6-anhydropyranose 
(Table I), H-3 is completely and H-4 partially replaced by deuterium; both would 
be readily recognised in the n.m.r. spectra. 

Even if deuteration is not completely specific, the simplicity and rapidity of 
the KochStuart method warrants its use: stereospecific deuteration by chemical 
reactions is usually a long multi-step procedure. Moreover, the method is 
economical because deuterium oxide is the cheapest source of deuterium. 

EXPERIMENTAL 

Materials and methods. - 1,6-Anhydro-j?-D-glucopyranose was a commercial 
sample, the munlzo isomer was a gift of Dr. N. W. H. Cheetham, and all the other 
1,6-anhydropyranoses were donated by Dr. N. K. Richtmyer. The anhydro- 
furanoses used in the exchange were synthesised according to ref. 7. Samples of 
1,6-anhydro-a+gulo- and ido-furanoses were obtained from Professor P. Koll. 

N.m.r. spectra were recorded with a Cameca 250 spectrometer in Grenoble 
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and with a Jeol JNM-FX-100 or a Bruker CXP300 spectrometer in Sydney, using 
the solvents indicated in the Tables. 

‘H-N. m. r. spectra. - The ‘H-n.m.r. spectra of the 1,6-anhydropyranoses? 
and of their acetatesz2 have been described. In most cases, the spectra of the 
acetates proved to be the most useful; however, in the spectra of the &co and gulo 
isomers recorded in chloroform-d there is an overlap of signals. In these cases we 
used the 13C-n.m.r. spectral”. In the spectrum ~23 of 2,3,4-tri-O-acetyl-1,6-anhydro- 
/3-rr-allopyranose in chloroform-d the signals of H-2 and H-4 overlap but they are 
well separated in the spectrum recorded in benzene-d,: 6 5.47 (d, J,,, 2.4 Hz, H-l), 
5.40 (t, J2,3 4.8, J3.4 4.8 Hz, H-3), 5.19 (ddd, J2,4 -0.5 Hz, H-2), 5.01 (ddd, J4.5 2.2 
Hz, H-4)) 4.05 (quintet, J5,kx0 5.3, J5,he,,do 1.0 Hz, H-5), 3.26 (dd, J6ex0,6endt, -8.3 
Hz, H&e&o), 3.21 (dd, Hdexo), 1.80, 1.74, and 1.70 (s, AC). 

In the ‘H-n.m.r. spectrum of 2,3,4-tri-O-acetyl-1,6-anhydro+-D-manno- 
pyranose small signals appear, after exchange, at 6 4.00-4.15; these are not the 
signals of a 1,6-anhydrohexopyranose and could not be identified. 

The ‘H-n.m.r. spectra of the triacetates of 1,6-anhydro-P-D-allofuranoser2 
and 1,6-anhydro-/I-D-galactofuranose I4 have been described. In the former, the 
signals of H-2 and H-3 could not be assigned; deuterium labelling has now shown 
that the signal at S 5.44 is that of H-2, and the one at S 5.20 that of H-3. 

13C-N.m.r. spectra. - The r3C-n.m.r. spectra of the 1,6_anhydropyranoses 
have been described10*24. Our spectra show that in the Tables collated by Bock and 
Pedersenz5, the value (70.5) given for C-3 of 1,6-anhydro-/!l-o-gulopyranose is 
wrong; it should be 69.6 p.p.m. The value listed is from ref. 24; the correct value 
is found in ref. 10. The ‘“C-n.m.r. spectra of the 1,6-anhydrohexofuranoses will be 
published elsewhere19. 

Deuterium exchange was conducted as previously described1.2*4. 
Two columns (2000 x 3 mm) were used for gas-chromatographic analysis: 

(i) one packed with 3% stabilised (Analabs, SLP-026) polydiethylene glycol adipate 
on Chromosorb W.H.P., 100-120 mesh (Hewlett-Packard), operated at 190”; 
(ii) the other packed with 3% SP 2401 on Chromosorb W.H.P., 100-120 mesh, 
operated at 170”. Retention times of the anhydrofuranose acetates: (i) allo 14.6, 
altro 9.3, galacto 4.9, gLuco 7.5, gulo 7.6, ido 7.3, manno 8.4, and talo 7.4 min; (ii) 

8.9,6.7, 3.6, 5.4, 7.2, 6.7, 6.7, and 5.8 min, respectively. 

REFERENCES 

1 S. J. ANGYAL. J. D. STEVENS, AND L. ODIER, Curbohydr. Res., 157 (1986) 83-94. 
2 S. J. ANGYALAND L. ODIER, Carbohydr. Res., 123 (1983) 13-22. 
3 H. J. KOCH AND R. S. STUART, Carbohydr. Res., 59 (1977) cl-&; 64 (1978) 127-134; 67 (1978) 

341-348. 
4 F. BALZA, N. CYR, G. K. HAMMER, A. S. PERLIN, H. J. KOCH. AND R. S. STUART, Curbohydr. Res., 

59 (1977) c7<11. 

5 G. K. HAMMER, F. BALZA, N. CYR, AND A. S. PERLIN, Can. J. Gem., 56 (1978) 3109-3116. 
6 F. BALZA AND A. S. PERLIN, Carbohydr. Res., 107 (1982) 270-278. 
7 S. J. ANGYALAND R. J. BEVERIDGE, Aust. J. Chem., 31 (1978) 1151-1155. 
8 M. KLOOSTERMAN, M. J. DEES, G. A. VAN DER MAREI.. AND J. H. BOOM, RecJ. Trav. Chim. Puys- 

Bus, 104 (1985) 116-119. 



SELECTIVE DEUTERATlON OF 1 ,6-ANHYDROHEXOSES 157 

9 M. GEORGESAND B. FRASER-REID, Curbohydr. Res., 127 (1984) 162-164. 
10 H. PAULSEN, V. SINNWELL,AND W. GREVE, Curbohydr. Res., 49 (1976) 27-35. 
11 G. D. WV, A. S. SERIANNI.AND R. BARKER, J. Org. Chem., 48 (1983) 1750-1757. 
12 K. HEYNS AND P. KILL, Chem. Ber., 105 (1972) 2228-2232. 
13 K. HEYNS, W.-D. SOLDAT, AND P. KILL, Chem. Ber., 104 (1971) 206>2070. 
14 R. U. LEMIEUXAND R. NAGARAJAN, Can. J. Chem., 42 (1964) 1270-1278. 
15 S. J. ANGYAL AND K. DAWES, Aust. J. Chem., 21 (1968) 2747-2760. 
16 K. HEYNS, P. K&L, AND H. PAULSEN, Chem. Ber., 104 (1971) 830-836. 
17 P. KILL, H.-G. JOHN, AND J. SCHULZ, Justus Liebigs Ann. Chem., (1982) 613-625. 
18 P. L. DURETTE, P. KOLL, H. MEYBORG, AND H. PAULSEN, Chem. Ber., 106 (1973) 2333-2338. 
19 P. K&L AND S. J. ANGYAL, unpublished results. 
20 J. E. G. BARNE~AND D. L. CORINA, Adv. Carbohydr. Chem. Biochem., 27 (1972) 127-190. 
21 K. HEYNS AND J. WEYER, Justus Liebigs Ann. Chem., 718 (1%8) 224-237. 
22 M. BuDESINK*, T. TRNKA, AND M. b~ti, Collect. Czech. Chem. Commun., 44 (1979) 1949-1964. 
23 P. L. DURE~TE AND H. PAULSEN, Chem. Ber., 107 (1974) 951-%5. 
24 R. G. S. RITCHIE, N. CYR, AND A. S. PERUN, Can. J. Chem., 54 (1976) 2301-2309. 
25 K. BOCK AND C. PEDERSEN, Adv. Carbohydr. Chem. B&hem., 41 (1983) 27-66. 


