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A Conjugate Addition of Primary Alkyl Iodide
Derived Species to Electron Deficient Olefins
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Abstract: Efficient zinc/copper couple induced addition of carbohydrate or amino acid residues
derived from their corresponding primary iodides to various activated olefins have been
accomplished by simple vibromixing of the heterogenous reaction mixture.

During the past few years extremely useful synthetic procedures based on the
conjugate addition of organometallic (copper! or zinc2) or radical3 species to electron
deficient olefins have been proposed and elegantly exploited. This chemistry is most
valuable when applicable to highly functionalized molecules. In a recent work Luche
et al. 4 have shown that under sonication alkyl halides add smoothly to o,B-
unsaturated carbonyl compounds in the presence of the zinc copper couple. More
recently the same authors and others succeeded in extending their reaction procedure
to a number of activated olefins. As we are currently engaged in a synthetic program-
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me to prepare sinefungin analogues® we wondered if the introduction of a three
carbon unit at the C-5 position of D-ribose could be achieved by the above method.
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A priori, it was not certain whether under the conditions described by these
authors a residue derived from a chemically elaborated primary alkyl iodide could
add efficiently to acrylonitrile (or methyl acrylate). A coupling experiment under
sonication was performed in the carbohydrate series between methyl S5-deoxy-5-
iodo-2,3-O-isopropylideneribofuranoside 1la and acrylonitrile. The result was very
encouraging; the desired chain-extended compound was obtained in moderate yield.

In order te enhance the efficiency of this novel synthetic procedure in the
carbohydrate domain, the reaction conditions were varied. We observed that
sonication could be replaced by vigourous stirring with a vibromixer of the
heterogenous reaction medium with satisfactory reproductive rtesults. We also noticed
that the zinc/cuprous iodide combination is the best reagent to generate the putative

Table:
Activated olefin 2 % Yield of 3
(Purified product)
Entry X R, R>
1 la CN H H 78
2 la CN H Me 53
3 1a CN Me H 55
4 la CONH; H H 52
5 1a COOMe H H 50
6 la COOMe NHAc H 65
7 1b COOMe NHAc H 51

Entry 4. 10 equivalents of acrylamide stabilized by 2% 2,6-di-tert-butyl-4-
methylphenol (BHT) in 2-propanol/H20 (1/1) was used.

reactive species; however other activators of zinc, like cupric sulfate or cobalt
chloride, could also be used.

In our case, the best reaction conditions were the following: to a reaction vessel
under nitrogen atmosphere containing 5-ioderibose la (3 mM) in ether (4 ml), was
added stepwise (in 3 portions) a solid mixture composed of Cul (1 g) and Zn powder
(1 g) and a 2M solution (5 ml) of acrylonitrile in THF/H2Q (8/2). The reaction mixture
was stirred with a vibromixer until disappearance of the starting material, At that
time it was diluted with ether and filtered over Celite. The resulting solution was
washed with brine. The organic phase gave after evaporation a residue which was
chromatographed to vield 2a (HRMS: found 226.1076 calc. for M-15 226.1080; IR:
V(CN) 2240 cm!, TH NMR & (ppm): 4.95 (H-1), 4.60-4.54 (H-2 & H-3); 4.14 (H-4); 3.36
(OCH3); 2.41 (H-7): 1.71 (H-5 & H-6); 1.48, 1.31 (isop. CH3)).
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As shown in the Table, the above reaction conditions applied well to a number
of activated olefins. It is particularly remarkable that only a limited excess (3.3 eq) of
olefin is needed. Moreover the reuction can be performed on primary iodides which
have been considered as moderately appropriate reagents for this type of chemistryS.
The case of methyl 2-acetamidoacrylate (Entries 6 and 7) is also worth noting since,
with this reagent racemic amino-acid derivatives could be obtained in moderate but
useful yields. Thus, the treatment of the iodoheptose derivative 1b7 was very
illustrating; it provided the corresponding amino-acid 3b (Rj= H, Rp= NHZ, X= COOMe)
(2 epimers at C-9) having the decose moiety of 6'-desamino sinefungin. As another
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valuable synthetic application of the present chemistry in the amino-acid series we
have combined, in stoichiometric proportions, the primary iodide 4 easily prepared
from serine8 by known methods with the known activated nitrile 59, to give in
moderate yield (35%) compound 6 (two epimers at C-6); this might serve in a new
synthetic approach of the carbohydrate part of sinefungin. Finaliy, we noticed that
under our reaction conditions the reduction of the primary iodide into the
corresponding methyl was not observed.

Having demonstrated that sonication is not necessary for this reaction to
proceed, we turned our attention to other potential procedures of zinc activationl0.
When cuprous iodide was replaced by ummonium chloride, no reaction occurred even
under sonication3. In the case of entry 5, almost identical results were obtained by
using either cupric sulfate or copper iodide, but in most cases the latter remained the
reagent of choice. Finally, in experiments with methyl acrylate where the copper salt
was replaced by cobalt chloride, Co2+ manifested a remarkable zinc activating
capacity; it gave a lower but significant yield (34%) of the expected product. The last
factor which must be emphasized is the role of water in the Zn activation step since its
presence is absolutely necessary to trigger the reaction that takes place at room
temperature.

In conclusion, simple reaction conditions have been defined which enable the
efficient addition of an alky! group derived from a primary iodide to a representative
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set of electron-deficient olefins. More work will be needed to elucidate the nature of
the reactive intermediates. This could help to determine the full scope of the reaction,
in view of its application to the synthesis of functionalized molecules such as those
combining carbohydrates and amino-acids, as in several nucleoside antibiotics!!.
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