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Procurement of 2-deoxy-2-iodo-DD-glucose (2-DIG)
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Abstract—The heretofore elusive 2-deoxy-2-iodo-DD-glucose (2-DIG), the iodinated analogue of FDG (2-fluoro-2-deoxy-DD-glu-
cose)—a PET imaging agent of glucose cellular uptake—can be obtained from DD-glucal and is a stable compound.
� 2006 Elsevier Ltd. All rights reserved.
The quest for glucose analogues which would be suitable
for SPECT (single photon emission computed tomogra-
phy) medical imaging1 has resulted in the preparation of
a number of carbohydrate iodinated derivatives.2

Among these, analogues in which an hydroxyl group is
replaced by iodine have been obtained: 3-deoxy-3-
iodo-DD-glucose (3-DIG),3–7 4-deoxy-4-iodo-DD-glucose
(4-DIG),8 and 6-deoxy-6-iodo-DD-glucose (6-DIG)9,10

with the latter having been shown to be a tracer of glu-
cose transport.11 However, efforts to get 1, the analogue
in which iodine replaces the 2-OH group of glucose have
remained fruitless.4,12–14 This peculiar interest in 2-
deoxy-2-iodo-DD-glucose (2-DIG, 1) stems from the fact
that 1 is the iodinated counterpart of 2-fluoro-2-deoxy-
DD-glucose (FDG, 2), a PET (positron emission tomogra-
phy) imaging agent of glucose cellular uptake which has
found numerous clinical applications.15
1 :  R = I
2 :  R = F

O
OH

R

OH

HO

OH
The status of 2-DIG has been described in a recent com-
mentary about labeled glucose analogs in the genomic
era, as: ‘2-deoxy-2-iodo-DD-glucose is chemically unstable
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and therefore unsuitable for radiopharmaceutical
uses’.16

Notwithstanding, it can be asked whether the observed
instability of 2-DIG stems from its very structure,17 or
rather from the experimental conditions which were
used for attempted preparations (see Scheme 1);4,12 in
the latter case, an approach which would deliver 1 under
the mildest possible conditions—ideally as the last
step18—is desirable.

Towards this goal, the readily available DD-glucal (3)19

was selected since substituents can be introduced at C-
2 without the need to protect the hydroxyl groups.20

In particular, the peroxidase-mediated halohydration
of some glycals has been shown to yield 2-deoxy-2-
halo-glycosides, a reaction that was also carried out
non-enzymatically on DD-galactal21 and extended since
to various alkenes.22 Iodohydroxylation of DD-glucal
(Scheme 2), performed under the very conditions used
for DD-galactal,21 led to 4, the manno isomer of 2-DIG,
as shown by NMR cross-correlation experiments.23 This
result was secured by peracetylation of 4 to give the
known 5.24 It can therefore be concluded that the stereo-
chemical outcome of the iodohydroxylation of DD-glucal
is opposite to that of DD-galactal,21 but although this
approach did not afford 2-DIG, iodohydrin 4 was found
to be stable which is an encouraging result.

With regard to protected glucal derivatives iodination
has been shown to afford predominantly, when not
exclusively, compounds of the manno configuration;22,25

however, when bulky substituents are introduced on
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Scheme 1. Attempted preparations of 2-DIG (see Refs. 4 and 12). Reagents and conditions: (a) 0.1 N H2SO4, 100 �C, 2 h; (b) BBr3, CH2Cl2, �80 �C,
10 min; (c) 0.1 N CH3ONa in CH3OH; (d) 1 N NH3 in CH3OH.
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oxygens, the predominant conformation becomes half-
chair 5H4(DD), which has been shown to favor the forma-
tion of products of the gluco configuration.26,27

Therefore, 627 was reacted with hypoiodous acid,22

(Scheme 2) but although the product is believed to be
gluco derivative 7, efforts to deprotect its silyl groups
(to get 2-DIG) were vain. Since this drawback could
be due to the presence of a free (unprotected) iodo-
hydrin, advantage was taken based on the availability
of iodoacetate 8 which is easily obtained from 6.27,28

Although removal of the acetyl group of 8 could not
be carried out under Zemplen conditions (even at
�20 �C), reaction with hydrazine acetate29 was mild en-
ough to afford the desired iodohydrin.30 That iodine is
equatorial in the product could be inferred from the
anomeric protons coupling constant (J1a,2 = 3 Hz,
J1b,2 = 8.5 Hz) that indicates that the configuration is
gluco; therefore 1 (2-DIG) has been obtained and this
could be confirmed by peracetylation of 1, which gave
the known gluco derivative 931 (Scheme 2).

As for its 2-epimer 4, 2-DIG (1) was found to be stable;
its aqueous solution was left unchanged after >1 week at
rt (as shown by 1H NMR) and it can be stored for
extended period of times in the cold.32 The stability
and availability of water-soluble 2-DIG now sets the
stage for biological evaluation.
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Wutz, W.; Stöcklin, G. Eur. J. Nucl. Med. 1983, 8, 237–241.

5. (a) Tamaki, N.; Kose, S.; Kusunoki, T.; Nagashima, T.;
Kuwamura, K.; Fujita, K.; Yamaguchi, M.; Matsumoto,
S. Yakuri Chiryo 1983, 11, 635–644; Chem. Abstr. 1985,



C. Morin / Tetrahedron Letters 47 (2006) 5055–5058 5057
99, 49643; (b) Suzuki, S.; Saitoh, K.; Takahashi, T.;
Iwabuchi, T. Yakuri Chiryo 1983, 11, 655–662; Chem.
Abstr. 1985, 99, 49645; (c) Suzuki, S.; Ebina, K.; Sekiya,
T.; Iwabuchi, T. Acta Neurochir. 1984, 70, 255–267.

6. Yamada, M.; Horio, Y.; Tachibana, K.; Kuroda, T.;
Sakakibara, T. Carbohydr. Res. 1981, 96, 121–125.

7. (a) Vasil’ev, V. N.; Zakharov, A. G.; Kiselev, V. I. Byul.
Eksp. Biol. Med. 1994, 117, 294–295; Chem. Abstr. 1995,
122, 260001; (b) Kharchenko, V. P.; Bozhenko, V. K.;
Khmelevskii, E. V.; Shishkin, A. M.; Zakharov, A. G.
Byul. Eksp. Biol. Med. 1994, 117, 654–655; Chem. Abstr.
1995, 122, 287852.

8. (a) Bignan, G.; Morin, C.; Vidal, M. Tetrahedron Lett.
1994, 35, 3909–3912; (b) Abbadi, M.; Mathieu, J.-P.;
Morin, C. J. Labelled Compd. Radiopharm. 1997, 39, 487–
492; (c) Perret, P.; Ghezzi, C.; Ogier, L.; Abbadi, M.;
Morin, C.; Mathieu, J.-P.; Fagret, D. Nucl. Med. Biol.
2004, 31, 241–250.

9. (a) Hardegger, E.; Jucker, O. Helv. Chim. Acta 1949, 32,
1158–1162; (b) Kochetkov, N. K.; Kudryashov, L. I.;
Usov, A. I. Doklady Akad. Nauk. SSSR 1960, 133, 1094–
1097; (c) Ishii, T. Carbohydr. Res. 1986, 154, 63–70; (d)
Desseaux, C.; Huynh Dinh, T. Bioorg. Med. Chem. Lett.
1993, 3, 1547–1550; (e) Charronneau, E.; Mathieu, J.-P.;
Morin, C. Appl. Radiat. Isotopes 1998, 49, 1605–1607; (f)
Brochier-Salon, M.-C.; Morin, C. Magn. Reson. Chem.
2000, 38, 1041–1042.

10. (a) Wassenaar, W.; Tator, C. H. J. Neurosurgery 1976, 44,
668–676; (b) Yamamichi, Y.; Kaji, N.; Fujiwara, M.;
Minosako, Y.; Hayashi, A. Jpn. Kokai Tokkyo Koho
1997 0708, 1997; Chem. Abstr. 1997, 127, 173206 and
176656; (c) Malaisse, W. J.; Ladriere, L.; Malaisse-Lagae,
F. Endocrine 2000, 13, 411–416; (d) Malaisse, W. J.;
Malaisse-Lagae, F.; Ladriere, L.; Schoutens, A. Int. J.
Molec. Med. 2000, 6, 65–68.

11. (a) Bignan, G.; Guezzi, C.; Henry, C.; Koumanov, F.;
Morin, C.; Ogier, L.; Mauclaire, L. WO 9,634,872, 1996;
Chem. Abstr. 1997, 126, 31573; (b) Henry, C.; Tanti, J.-F.;
Gremeaux, T.; Morin, C.; VanObberghen, E.; Comet, M.;
Le Marchand-Brustel, Y. Nucl. Med. Biol. 1997, 24, 99–
104; (c) Henry, C.; Koumanov, F.; Ghezzi, C.; Morin, C.;
Mathieu, J.-P.; Vidal, M.; De Leiris, J.; Comet, M.;
Fagret, D. Nucl. Med. Biol. 1997, 24, 527–534; (d) Perret,
P.; Ghezzi, C.; Mathieu, J. P.; Morin, C.; Fagret, D.
Diabetes/Metabolism Res. Rev. 2003, 19, 306–312.

12. Fowler, J. S.; Lade, R. E.; MacGregor, R. R.; Shiue, C.;
Wan, C.-N.; Wolf, A. P. J. Labelled Compd. Radiopharm.
1979, 16, 7–9.

13. 2-DIG is also mentioned in Honda, S.; Takiura, K.
Carbohydr. Res. 1974, 34, 45–56, but without clear
structural support; its preparation could not be repro-
duced by other workers (see Ref. 12) including ourselves;
2-DIG also lies in two patents (Nakamara, K.; Ono, H.;
Ogura, K. Jpn. Kokai Tokkyo Koho 58 069816, 1983;
Chem. Abstr. 1985, 99, 27831. Lampidis, T. J.; Priebe, W.
WO 082926, 2001; Chem. Abstr. 2001, 135, 339233) but
without mention of preparation.

14. 2-Deoxy-2-fluoro-2-iodo-DD-glucose could be prepared
however; see (a) McCarter, J. D.; Adam, M. J.; Withers,
S. G. J. Labelled Compd. Radiopharm. 1994, 35, 250;
(b) McCarter, J. D.; Adam, M. J.; Withers, S. G.
Carbohydr. Res. 1995, 266, 273–277.

15. For recent reviews see inter alia: (a) Wienhard, K. Methods
2002, 27, 218–225; (b) Avril, N. J. Nucl. Med. 2004, 45,
930–932; (c)Eur J. Nucl. Med. Molec. Imaging 2005, 32,
486–510; (d) Muylle, K.; Castaigne, C.; Flamen, P. Curr.
Opin. Oncol. 2005, 17, 249–253; (e) Quon, A.; Gambhir, S.
S. J. Clin. Oncol. 2005, 23, 1664–1673.

16. Gatley, S. J. J. Nucl. Med. 2003, 44, 1082–1086.
17. As noted in Refs. 4b and 12. This lability could be due to
the a-iodo-aldehyde present in the acyclic form.

18. For SOS (Simplicity Oriented Synthesis), see: Compain,
P.; Desvergnes, V.; Ollivier, C.; Robert, F.; Suzenet, F.;
Barboiu, M.; Belmont, P.; Bleriot, Y.; Bolze, F.; Bouqu-
illon, S.; Bourguet, E.; Braida, B.; Constantieux, T.;
Desaubry, L.; Marat, X.; Migaud, M.; Moitessier, N.;
Papot, S.; Peri, F.; Petit, M.; Py, S.; Schulz, E.; Tranoy-
Opalinski, I.; Vauzeilles, B.; Vayron, P.; Vergnes, L.;
Vidal, S.; Wilmouth, S. C.R. Chim. 2006, 9, 127–140.

19. Stull, B. K.; Wu, Z.; Koveeda, M. J. Carbohydr. Chem.
1996, 15, 955–964.

20. See inter alia (a) Homma, Y.; Murase, Y.; Ishii, M. J.
Radioanal. Chem. 1983, 76, 283–288; (b) Shiue, C. Y.;
Wolf, A. P. J. Fluorine Chem. 1986, 31, 255–263; (c)
Tailler, D.; Jacquinet, J.-C.; Noirot, A.-M.; Beau, J.-M. J.
Chem. Soc., Perkin Trans. 1 1992, 3163–3164; (d) David,
S.; Malleron, A.; Cavaye, B. Carbohydr. Res. 1994, 260,
233–242; (e) Burkart, M. D.; Zhang, Z.; Hung, S.-C.;
Wong, C.-H. J. Am. Chem. Soc. 1997, 119, 11743–11746;
(f) Dios, A.; Ger, A.; Marzabadi, C. H.; Franck, R. W.
J. Org. Chem. 1998, 63, 6673–6679.

21. Liu, K. K.-C.; Wong, C.-H. J. Org. Chem. 1992, 57, 3748–
3750.

22. Barluenga, J.; Marco-Arias, M.; Gonzales-Bobes, F.;
Ballesteros, A.; Gonzales, J. M. Chem. Eur. J. 2004, 10,
1677–1682.

23. The two low-field iodinated methines (d = 37.8 and
43.8 ppm, C-2) are correlated with protons (4.52 and
4.64 ppm respectively, H-2) which themselves are con-
nected to anomeric protons (5.62 and 4.24 ppm) and H-3
(3.32 and 3.24 ppm); this allowed determination of J1,2

and J2,3 coupling constants (1.2 and 4.1 Hz), values which
are the same for both pyranose forms (the 1C4(DD)
conformation was ruled out since J3,4 = 9 Hz).

24. Compond 4 is stable in pyridine (recovered unaffected after
1 d) and peracetylation was effected at�40 �C, followed by
rt overnight stirring. For 1H and 13C NMR data of a–5,
see: (a) Miljkovic, D.; Djurendic, E.; Vukojevic, N.; Gasi,
K.; Csanadi, J. Carbohydr. Res. 1992, 233, 251–253; (b)
Bellosta, V.; Czernecki, S. Carbohydr. Res. 1993, 244, 275–
283; (c) Lafont, D.; Boullanger, P.; Rosenzweig, M. J.
Carbohydr. Chem. 1998, 17, 1377–1393; (d) Djurendic, E.;
Vukovecik, N.; Drammicanin, T.; Canadi, J.; Milkovic, D.
J. Serb. Chem. Soc. 1998, 63, 685–688, b-5: 1H (500 MHz,
CDCl3): 5.40 (t, J = 9.5 Hz, H-4), 5.10 (d, J = 1.6 Hz, H-
1), 4.68 (dd, J = 4.2 Hz; 1.6 Hz, H-2), 4.46 (dd, J = 9.5,
4.2 Hz, H-3), 4.25–4.15, (m, H-6, H-6 0), 3.80 (m, H-5). 13C
(125 MHz, CDCl3): 90.4 (C-1); 74.2, 71.8, 67.3 (C-3, C-4,
C-5) 62.6 (C-6), 32.5 (C-2).

25. (a) Lafont, D.; Descotes, G. Carbohydr. Res. 1987, 166,
195–209; (b) Kirschning, A.; Jesberger, M.; Monenscheim,
H. Tetrahedron Lett. 1999, 40, 8999–9002; (c) Roush, W.
R.; Narayan, S.; Bennett, C. E.; Briner, K. Org. Lett.
1999, 1, 895–897; (d) Gammon, D. W.; Kinfe, H. H.; De
Vos, D. E.; Jacobs, P. A.; Sels, B. F. Tetrahedron Lett.
2004, 45, 9533–9536.

26. McDonald, F. E.; Reddy, K. S.; Diaz, Y. J. Am. Chem.
Soc. 2000, 122, 4304–4309.

27. Chong, P. K.; Roush, W. R. Org. Lett. 2002, 4, 4523–4526.
28. We have found that the intermediate persilylated 1-O-

acetyl-2-deoxy-2-iodo gluco isomer can be easily freed
from the (minor) manno isomer by fractional crystalliza-
tion from n-hexane. Also, after the silyl ethers deprotection
step (Ref. 27) mere washing of the crude organic residue
with ether/pentane (1:1) results in pure crystalline 8.

29. This reagent is usually used for selective deacylation of
anomeric acetates in peracetylated carbohydrates: Exco-
ffier, G.; Gagnaire, D.; Utille, J.-P. Carbohydr. Res. 1975,



5058 C. Morin / Tetrahedron Letters 47 (2006) 5055–5058
39, 368–373; in 8, as a single acetate is to be removed,
DMF can advantageously be replaced by methanol, which
facilitates isolation of 1.

30. Under argon, to a 0.1 M solution of 8 in dry methanol was
added freshly prepared hydrazine acetate (1.1 equiv).
After overnight stirring, the mixture was diluted with thf
and put on top of a column of SiO2. Elution with thf and
evaporation of the volatiles gave a residue which was
taken up in water, filtered and lyophilized to afford 1
(85–95%). If hydrazine derivatives remain (singlets at ca
1.9–2.0 ppm), 1 can be re-chromatographed (3:1 CHCl3–
CH3OH) on SiO2. MS (CI NH3/isobutane) m/z = 308
(M+NH4)+, 290 (M)+. 1H (500 MHz, D2O): 5.43 (d,
J = 3 Hz, H-1a), 5.02 (d, J = 8.5 Hz, H-1b), 4.05–3.40,
(2nd order systems, H-2 to H-6), 13C NMR (75 MHz,
D2O): 97.0 (C-1b), 93.8 (C-1a), 77.5, 76.4, 70.7 (C-3b, C-
4b, C-5b), 73.8, 72.4, C-3a, C-4a, C-5a), 61.0 (C-6b), 60.9
(C-6a), 36.9 (C-2b), 33.4 (C-2a).

31. An authentic sample of b-9 was prepared according to
Binkley, R. W.; Ambrose, M. G.; Hehemann, D. G.
J. Carbohydr. Chem. 1987, 6, 203–219, a-9: 1H NMR
(500 MHz, CDCl3): 6.38 (d, J = 3.3 Hz, H-1), 5.54 (dd,
J = 11.5, 9.5 Hz, H-3), 5.10 (t, J = 9.5 Hz, H-4), 4.15 (dd,
J = 10.5, 3.3 Hz, H-2), 4.12–4.00 (m, H-6, H-6 0), 3.90 (m,
H-5). 13C NMR (75 MHz, CDCl3): 92.1 (C-1), 77.6, 72.8,
70.4 (C-3, C-4, C-5), 61.9 (C-6), 23.7 (C-2).

32. Being an iodinated compound, 1 should be protected from
strong light however.
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