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Abstract—The chemoselective radical reduction of the iodine atom in a series of 1-deoxy-1-halo-1-iodo-alditols with the 1-ethyl-
piperidine hypophosphite (EPHP)/AIBN system is described. EPHP is also a good chain carrier for the radical addition of
gem-dihalocompounds to electron-deficient olefins. Thus, the synthesis of 4-halo-glycooctononitriles and 4-halo-glycoheptono-
nitriles can be achieved by an intermolecular addition of the 1-deoxy-1-halo-alditol-1-yl radical intermediate to acrylonitrile.

© 2006 Elsevier Ltd. All rights reserved.

Since Barton and Jang published their seminal work in
1992,! hypophosphorous acid and its salts have been
transformed in a very useful and mild alternative to
tin reagents in radical chemistry. 1-Ethylpiperidinium
hypophosphite (EPHP) is one of the most effective
substitutes,” not only for the dehalogenation of organic
halides® and deoxygenation of alcohols,* but also as a
radical chain carrier for C—C bond formation in intra
and intermolecular radical additions.>-°

On the other hand, the reactivity of the tin and phos-
phorous reagents seems to be very different. Thus, under
normal conditions chlorides, bromides, and iodides tend
to react with tri-n-butyltin hydride (TBTH) at compar-
able rates, while fluorides are generally considered to
be inert.” Based on a number of experiments already
described in the literature a better chemoselectivity
could be expected for the reaction of EPHP.
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Although most of the EPHP studies have been made
with alkyl iodides, bromides can also be used as radical
precursors in addition reactions, although more forcing
conditions are required.®® Furthermore, Barton and
Jang in their early work pointed out the complete
stability of 1-chloroadamantane under the hypophos-
phorous acid conditions.! Along this line, Murphy and
co-workers>® recently described the completely chemo-
selective cyclization of N-(3-chloro-2-cyclohexen-1-yl)-
2-iodoaniline in an interesting synthesis of cis-fused
hexahydrocarbazols.

During the last years, we have developed the synthesis of
1-deoxy-1-halo-1-iodo-alditols (B) based on the ano-
meric alkoxyl radical B-fragmentation (ARF) of 2-
deoxy-2-halo-glycofuranoses and glycopyranoses (A)
(Scheme 1).% 1,1-Dihaloalkanes are versatile compounds
in organic synthesis and have attracted much interest as
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Scheme 1. Synthesis and chemoselective reduction of 1-deoxy-1-halo-1-iodo-alditols. R = protective group, X = F, Cl, Br.
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intermediates in C-C bond-forming reactions of which
the Takai olefination constitutes a good example.’

With a view to studying the reactivity of these 1-deoxy-
1,1-dihalo-alditols, the possibility of carrying out the
selective reduction of one of the two halogens was exa-
mined by employing radical reactions promoted by
EPHP. Clearly the radical intermediate C offers other
synthetic opportunities such as an intermolecular addi-
tion to electron-deficient olefins, which is also explored
in this letter. At the same time, this work also provided
an excellent opportunity for a detailed study of the
chemoselectivity of the EPHP dehalogenation reaction.
The 1-deoxy-1-halo-1-iodo-alditols used in this letter
were synthesized by visible light irradiation with two
80 W tungsten-filament lamps of the corresponding
2-deoxy-2-halo-carbohydrate using (diacetoxyiodo)benz-
ene and iodine as radical promoters (Scheme 1).

Firstly, the possibility of reducing the iodine atom selec-
tively in the presence of another halogen atom was
examined. EPHP addition to a refluxed solution of 1-
deoxy-1-halo-1-iodo-alditols in benzene using AIBN as
initiator gave the results shown in Table 1. Dihalocom-
pounds were obtained from p-glucal (1-3), L-rhamnal
(8-10), and L-arabinal (14-16) as described previously.®
The reactions proceeded smoothly, affording the corres-

Table 1. Chemoselective reduction of 1-deoxy-1-halo-1-iodo-alditols

Entry Substrate® Product (%)®
AcO I AcO
AcO Y X AcO Y X
HOCO OAc HOCO OAc
1 1X=F° 4X=F 81
2 1X=F 4X=F 86
3 2X=CI 5X=H 96
4 2X=Cl 6 X=Cl 85
5 3X=Br° 5X=H 96
6 3X=Br 7X=Br 76
AcO I AcQ
X X
HOCO OAc HOCO  OAc
7 8§ X=F 11 X=F 86
8 9X=Cl 12 X=Cl 95
9 10 X = Br 13 X =Br 73
AcO I AcO
~ HOCO._~
HOCO\/YL\ « N X
OAc OAc
10 14X =F 17 X=F 65
11 15X =Cl 18 X =Cl 85
12 16 X = Br 19 X = Br 85

?The solution of 1-deoxy-1-halo-1-iodo-alditol (1 mmol) in dry benz-
ene (20 mL) containing EPHP (3 mmol) and AIBN (0.4 mmol) was
refluxed for 1 h.

®Yields refer to chromatographically purified product.

©The solution of 1-deoxy-1-halo-1-iodo-alditol (1 mmol) in dry benz-
ene (20 mL) containing TBTH (3 mmol) and AIBN (0.4 mmol) was
refluxed for 1 h.

ponding 1-deoxy-1-halo-alditols in good to excellent
yields. In all cases, the iodine atom was reduced selec-
tively, and no detectable amounts of didehalogenation
products were observed. It is worth noting that even 1-
bromo-1-iodo-alditols 3, 10, and 16 could be selectively
reduced in a high yield (entries 6, 9, and 12).

For comparison purposes, the reductions of dihalo-
alditols 1-3 with TBTH have been included (Table 1,
entries 1, 3, and 5). As expected, except for the fluoro-
iodo compound 1, complete didehalogenation was
observed.

The remarkable chemoselectivity observed under the
EPHP conditions could be exploited for synthetic pur-
poses. Thus, the next process to be explored was the
radical intermolecular addition to electron-deficient
olefins, which is an important methodology for the
radical-mediated construction of carbon—carbon bonds.
No precedent has been found for the successful addition
of 1,1-dihaloalkanes to olefins, the only related work
being the iron- or nickel-catalyzed reaction of iodofluoro-
acetates with alkenes as a route to a-fluoroesters.'°

When EPHP was added to a mixture of dihaloalditol,
acrylonitrile, and AIBN as the initiator in boiling benz-
ene, two products were formed as outlined in Table 2.
The radical addition halo-nitriles 20-28 were formed
in competition with products of H-trapping that have
been described above (Table 1).

The ratio of addition to H-trapping products is mark-
edly dependent on the attached halogen. As shown in
Table 2, the addition yield decreases on going from fluo-
rine (73-80%, entries 1, 4, and 7) to chlorine (53-54%,
entries 2, 5, and 8) to bromine (40-45%, entries 3, 6,
and 9) with a concomitant increase in the H-trapping
yield (15-44%).

As might be expected, the diastereoselectivity was low
and the nitriles were always obtained as a chromato-
graphically inseparable mixture of isomers. Notwith-
standing, significant levels of diastereoselectivity were
achieved with bromine compounds as the steric demand
of the sugar increased (compare entries 3, 6, and 9).

When the reaction was carried out with electron-donat-
ing olefins, the H-trapping products were the principal
components observed. For example, the reaction of
EPHP with dihalocompound 2 in the presence of allyl-
benzene afforded exclusively reduced chlorocompound
6 in an 85% yield. It is worth mentioning that the reac-
tion of 1-iodo-1-fluor-alditol 1 when treated with allyl-
benzene gave a small amount of the addition product
(15%), probably due to the known ambiphilic nature
of the fluorinated alkyl radicals.'!

In this letter, we have shown that EPHP is not only a
convenient chemoselective reducing agent of iodine in
the presence of other geminal-halogen atoms, but also
a good radical chain carrier for C-C bond-forming
processes in the preparation of polyhydroxylated vy-
halo-nitriles.
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Table 2. Chemoselective addition of 1-deoxy-1-halo-alditol-1-yl radicals to acrylonitrile

Entry Substrate® Products®
Addition (%) (dr) Reduction (%)
AcO 1 AcO X
AcO” Y X AcO” Y CN
HOCO OAc HOCO OAc
1 1X=F 20 X =F (75) (1:1) 4(22)
2X=Cl 21 X =Cl1(53) (1:1.7) 6 (33)
3 3X=Br 22 X = Br (40) (1:2.5) 7 (40)
AcO 1 AcO X
X e CN
HOCO OAc HOCO OAc
4 8X=F 23 X =F (73) (1:1) 11 (20)
5 9X=Cl 24 X =Cl (54) (1:1.5) 12 (40)
6 10 X =Br 25 X =Br (41) (1:1.7) 13 (44)
AcO 1 AcO X
HOCO X HOCO CN
OAc OAc
7 14X=F 26 X =F (80) (1:1) 17 (15)
8 15X =Cl 27 X =Cl (53) (1:1) 18 (38)
9 16 X =Br 28 X = Br (45) (1:1) 19 (41)

#The solution of 1-deoxy-1-halo-1-iodo-alditol (1 mmol) in dry benzene (20 mL) containing EPHP (3 mmol), acrylonitrile (5 mmol), and AIBN

(0.4 mmol) was refluxed for 1 h.
®Yields refer to chromatographically purified product.
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