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Abstract: A rapid and effective diiodomethylation of carbonyl compounds using Sml, and iodoform is
described. Transformations of the obtained diiodoalcohols 2 into «-iodoaldehydes 5 and c-
hvudravvacide & ig alen renorted © 199R Elsevier Sci
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Halomethylation of aldehydes or k tOneb is difficult to achieve using a-halogenated organometallic
compounds due to their thermal instability." Alternatively, a rapid and efficient iodomethylation of carbonyl
compounds at about room temperature using samarium metal’ or Sml,’ has been developed.

On the other hand, although many dichloro- or dibromomethylations of carbonyl compounds using
organometallic compounds (Li, Mg) have been described,* examples of diiodomethylation of aldehydes or
ketones are rare: only one is known.’ Moreover, to our best knowledge, diiodomethylation of carbonyl
compounds by means of Sml, or metallic samarium has not been reported in the literature to date.

The diiodomethylation of carbonyl compounds wouid afford B, B-diiodoaikano'ls which are interesting

=l S ars mutrazsealo sl o sem

nuuamg blocks in orgamc Sy'nIDCSlS in general, ()rgdn()luumc Lumpounub are CXucimety useful intermediates in
6
ionic® and radical organic reactions and in particular, 1,1-diiodoalkan-2-ols could be transformed into o-

hydroxycarboxylic acids or a-iodoaldehydes, which are important because of their biological properties® or
synthetic applications s respectively.

Recently, we have reported the iodomethylation of chiral a-amino aldehydes by means of samarium metal
and diiodomethane.'” Herein we wish to report the rapid and effective diiodomethylation of carbonyl
compounds using Sml; and iodoform and their further transformations into a-hydroxycarboxylic acids and a-
iodoaldehydes.

Initially, dnodomethylatlon of carbonyl compound s was carried out by means of samarium metal and
triiodomethane.'" In this case, Smi, was generated in sifu by reaction of iod i
acts with
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The subsequent reaction of Sml, with iodoform produces a diiodomethylsamarium reagent, which

the corresponding aldehyde to afford the expected B,B-diiodoalcohol. However, the procedure has some
drawbacks: aromatic aldehydes (Table 1, entries 1, 3-5) gave moderate to low yields; lower yields were
obtained for aliphatic aldehydes (Table 1, entry 9); when ketones were used instead of aldehydes, the starting
ketone was recovered (Table 1, entry 14) and addition of HMPA" as cosolvent afforded a complex mixture of

products.
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Diiodomethylation of carbonyl compounds was improved using preformed samarium iodide instead of
metallic samarium. A typical procedure for the synthesis of diiodoalcohols 2 is as follows: to a solution of the
corresponding aldehyde 1 (0.5 mmol) and iodoform (0.395 g, 1 mmol) in THF (18 mL) was added dropwise,

d it Qeal, (N1 M in THUER at NO arnoataniotio e colanir of eamariiig TG
undaer nnrogen, Sz (Vi M in THF, 2 mmol) at 0°C. Characteristic blue colour of samarium {in dmppc«u‘s

1mmedmfelv after addition, but 45 min (QPP Table 1) are nmm"v needed to r‘nrrm]p te reaction of the substrate
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The resultmg mixture was treated w1th 1 M HCI and aﬁer usual work-up, the corresponding crude
diiodoalcohol was obtained. Flash column chromatography over silica gel (polarity gradient, from hexane to
hexane/ethyl acetate 10/1) provided the pure product 2.

P 1) Smb, 0°C OH |
+ CH|3 R
R” R 2) H;O" "R
1 2
Entry R R’ Product Method®  Temperature Yield (%)°

1 Ph H 2a A 0°C 38

Ph H 2a B 0°C 61
3 4-Cl-CsH,4 H 2b A 25°C 30
4 4-C1-CsHy H 2b A 0°C 40
5 4-C1-CeHa H 2b A -20°C 47
6 4-C1-C¢H, H 2b B 0°C 60
7 Furyl H 2¢ B 0°C 40
8 ph/\\‘/ H 2d B 0°C 58
9 Cyclohexyl H 2e A 0°C 23
10 Cyclohexyl H 2e B 0°C 62
11 CeHis H 2f B 0°C 60
12 Mo H 2 B 0°C sT°

Ph
13 -C4Hs- 2h B¢ 0°C 40
14 -CsHio- 2h A’ 0°C no reaction
15 -CsHio- Zh B’ 0°C 49

Qe — £ a—oa 11Y D, S fone tovt) D WViald Af mies anminannd (nfiac

*A: pcrlﬁrmcu with Sm pu‘v‘vucl \8e€ reference 11 J- DI per erformed with omxz {S€e ieXt). i€l Ol pure COMmpoOuna (aiv

chromatography) based on the starting carbonyl compound. © diastereoisomeric excess>98% (300 MHz 'H-
spectroscopy). ¢ Reaction time: 6 h.

1

As shown in Table 1 (method B), reasonable yields were obtained from aldehydes. The reaction of
diiodomethylation is general for aldehydes: aromatics, o,B-unsaturated and lineal or ramified aliphatic
aldehydes have been diiodomethylated. Interestingly, the diiodomethylation of 2-phenylpropanal (Table 1, entry
12) took place with total diastereoselectivity (NMR analysis of the crude product showed the presence of only
one diastereomer). The assignment of the stereochemistry was carried out after conversion of 2g into 3-phenyi-
2-butanol, usmg Bu;SnH,'* obtaining the diastereoisomer unlike'"” or erithro. The observed diastereoselectivity
is the same'® as that previously reported for the iodomethylation of chiral a-amino aldehydes'® and 2-
phenylpropanal® using Sm/CH,I; or Sml,, respectively. When diiodomethylation was performed with ketones,
only cyclic ketones afforded the corresponding B,B-diiodoalcohols; in this case, the reaction time was longer
and lower yield was obtained in comparison to aldehydes.

To prove the usefulness of compounds 2 in organic synthesis, based on the pronounced versatility of
carbon-iodine bond, these compounds were transformed into a-iodoaldehydes or a-hydroxycarboxylic acids
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(see Scheme 1 and Table 2, entries 1-3). Thus, treatment of compounds 2 with NaH in CH;Cl, at low
temperature (-78°C) afforded (when temperature was allowed to reach room temperature) a-iodoaidehydes 5.
As depicted in Scheme 2, the proposed mechanism involves the initial formation of the alcoholate 3 and the

et 1 hilin dignl t+ ~f i~nAds T 143 th A
further nucleophilic displacement of iodine by oxygen yielding the iodoepoxide 4, that suffer a rearrangement

ffordino the a-iodoaldehvde 8. 17
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Scheme 1: Synthesis of o-iodealdehydes and a-hydroxyacids

Although the yields for the iodoaldehydes prepared were high (crude product), these compounds are
extremely unstable,'® and suffer decomposition on air, light or silica gel. However, an analytical sample could
be obtained by kugeirohr distillation at low pressure.

N 41.,-. Athar hand ranatian ~Af alan

7 d
On the other hand, reaction of alcohols 2 with agqueous INa 10T 2 GA&ys ai 7o0nt itmplraturé  gave
expected a-hydroxycarboxylic acid 6 (see Scheme 1 and Table 2, entries 4 and 5).

Table 2: Synthetic Applications of Diiodoalcohols 2

Entry Substrate Product Yield (%)
OH i
I H
1 D D 74°
o~ a > ¥
2b 5b
2 C6H13/'\(| CSH"’/kIg 65*
|
2f 5f
! 9
HO 1 | H
3 62
2h Sh
OH OH

E:

2e 6e
OH OH
5 —‘SH13)\|/I -‘aH-.s)\ﬁ/OH 60°
1 (0]
2f 6f

* Crude product yield based on the starting diiodoalcohol 2 (see text). ° Pure
product yield based on the starting diiodoalcohol 2.
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nyl compounds starting from Sml; and triiodomethane,

In conclusion, we have developed a new, rapid and efficient methodology for diiodomethylation of

apras X elcy 22250 VIR X 228 2 <! g8

Acknowledgement

We thank ii Pian Regionai de Investigacion dei Principado de Asturias (PBP-PGI97-01) for financial support.

References and Notes:

[
.

P oS

(93]

o0

10.
11.

—
N

[y
(98]

15.
16.

The addition of a-halogenated organometallic compounds (Li, Mg) to aldehydes or ketones requires
extremely low temperatures. For instance, LiCH,Cl decomposes even at -130°C: Tarhoumi, R.;
Kirschleger, B. S.; Rambaud, M.; Villieras, J. Tetrahedron Lett. 1984, 25, 835-838.

Imamoto, T.; Takeyama, T.; Koto, H. Tetrahedron Lett. 1986, 27, 3243-3246.

(a) Tabuchi, T.; Inanaga, J.; Yamaguchi, J. Tetrahedron Lett. 1986, 27, 3891-3894. (b) Matsubara, S.;

Yoshioka, M.; Utimoto, K. Angew Chem. Int. Ed. Engi. 1997, 36, 617-618.

faY il 17 1QL"T & 189N 18270 /1N Uil Doaceinde D, \TA_.,. + T 'E
\a) Vuut:ldb, J Duu DUL LJHI" rr 1F0/, J, 1o4U-1034. \U) ¥V Uldb, J , reinoy, r., INOLf, J. .
Synthesis 1979, 968-970. (c) Kowalski, C. J.; Reddy, R. E. J. Org. Chem. 1992, 57, 7194-7280. (d)

Normant, H. J. ()raannmpt Chem. 1975, 100, ]89 203.

Taguchi, H.; Yamamoto/ H.; Nozaki, H. J Am. Chem. Soc. 1974, 96, 3010-3011.

Chambers, R. D.; James, S. R. In Comprehensive Organic Chemistry;, Barton, D. H. R.; Ollis, W. D.,
Eds., Pergamon Press: Oxford, 1979; Vol. 1, pp 493-575.
(a) Le Guyader, F.; Quiclet-Sire, B.; Seguin, S.; Zard, S. Z. J.
(b) Curran, D. P.; Chen, M.; Kim, D. J. Am. Chem. Soc. 986

Kawai, G.; Ikeda, Y. Biochim. Biophys. Acta, 1983, 754, 2 .
For a review about a-halocarbonyl compounds, see: De Klmpe, N.; Verhé, R. in The Chemistry of a-

ha lnlrotnnoo rv_hnlnnfrlalrurloo and o-haloimines: Patai, S. and Rapnoport, 7. Eds. Tnhn W‘]p\h@ranc

STHAEUHITEIIICT y 1 QLR

Chichester, 1988 p 369 a_nd references cited therein.
Concellon, J. M.; Bemad P. L.; Pérez-Andrés, J. A. J. Org. Chem, in press.

A THF solution (6 mL) of the aldehyde 1 (1 mmol) and iodoform (2.4 mmol) was added to samarium
powder (2 mmol) at 0°C under nitrogen atmosphere. The reaction mixture was further stirred for 60 min,
and then treated with HCI (1 M, 10 mL). After extractive work-up, the crude diiodoalcohol 2 was
isolated.

To our best knowledge, nio preparation of Smi, starting
date.

Addition of HMPA as a cosolvent dramatically accelerates the samarium iodide-promoted reactions:
Otsubo, K.; Kawamura, K_; Inanaga, J.; Yamaguchi, M. Chem. Lett. 1987, 1487-1490.

Seyferth, D.; Yamazaki, H.; Alleston, D. L. J. Org. Chem. 1963, 28, 703-706.

Seebach, M.; Prelog, V. Angew. Chem. Int. Ed. Engl. 1982, 21, 654-660.

The NMR spectral data of the methyl alcohol obtained were identical to the previously reported for
erithro-3-phenyl-2-butanoi: Uzawa, J.; Zushi, S.; Kodama, Y.; Fukuda, Y.; Nishihata, K.; Umemura, K.;
Nishio, M.; Hirota, M. Bull. Chem. Soc. Jpn. 1980, 53, 3623-3630.

McDonald, R. N_; Steppel, R. N. J. Am. Chem. Soc. 1970, 92, 5664-5670.
Groenewegen, P.; Kallenberg, H.; van der Gen, A. Tetrahedron Lett. 1979, 30, 2817-2820.

Aston, 1. G.; Newklrk J. D, Jenkms D. M,; Dorsky, J.; Shriner, R. L.; Tilford, C. H. In Organic
Synthesis; Hornig, E. C., Ed.; John Wiley&Sons: New York, 1955; Collect. Vol. 3, pp 538-541.

Am. Chem. Soc. 1997, 119, 7410-7411.
108, 2489-2490,
8

matal ond O heoo haon dacorihad ¢4
ana i nas ol GesCrioea 1o



