Journal of

ALLOYS
AND COMPOUNDS

Journal of Alloys and Compounds 408-412 (2006) 421-426

www.elsevier.com/locate/jallcom

Twenty five years of organic chemistry with diiodosamarium
Henri B. Kagart

Laboratoire de Synthese Asymétrique (UMR 8075), Institut de Chimie Moléculaire et des Matériaux d’Orsay,
Université Paris-Sud, 91405 Orsay, France

Received 7 November 2004; accepted 16 November 2004
Available online 1 July 2005

Abstract

An historical account of the introduction of samarium diiodide in organic chemistry is presented in the first section, with the main initial
results obtained. The basic organic transformations published in the author laboratory and by other groups during the initial period (1977-1987)
are detailed. Some of the progresses subsequently obtained will be selected such as various transformations in synthesis, including asymmetrit
synthesis and total synthesis of natural products. The possible use pirSaaltalytic amount together with a terminal reducing agent is
discussed. In the conclusion is summarized the wide scope of the chemistry induced,byitBnsiome comments on the future of this
chemistry.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction next section are developed the early stages of our investiga-
tions.

We became interested into the rare-earth chemistry in
the early 1970s after reading a paper of Hinckley, where
was described the novel use of tris-pivaloylato-europium as
shift reagent intH NMR spectroscopy[1]. We used this
approach in collaborative works to analyze the spectra of

complex molecules such as sugfts4]. Later, we decided Wi The chglce ?}f al?er\]/v CIZSS .Of reigglfants} IS alw?_ys lcljellcate.
to investigate the potential of lanthanide derivatives as tools e wanted to check the reducing ability of some Ln(lf) com-

in organic chemistry. In those days, the main non-industrial P°UNds. if possible soluble in the usual solvents of organic

applications of rare-earths in organic chemistry were the syr;t\r:)eg?l. Hiw tohstart ﬂ:j's erJECt? il valu
cerium(lV) oxidations. Our first approach in that area was rieflookto the standard redox potential va S(V?r'
connected with oxidation. It was discovered that @Yb sus NHE) of various lanthanide iof@ showed the following

+ 3+ . . .
was able to catalyze the oxidation of benzoin to be[Hil datjd (I‘Zﬁ [Ln>"): Eu: _0'5d5V’ Yb..—1.22l\/, S';?.'_hlﬁ% V’b
It is molecular oxygen which is the terminal oxidant, pre- Tm: —2.55V. We screened europium salts which have been

sumably nitrate is involved in the oxidation itself, which described as able to reduce pyridine carboxylic a_cid into the
was carried out in aqueous DMF. The reaction was not gen_porrespondln_g aldehyde]. We could not extend thls chem-

eral and could not be extended to monoalcohols. Then, we!Stry- We decided to check the reducing properties of other
looked for organic chemistry mediated by Ln(ll) species. divalent salts. Tm(Il) was eliminated because of its price, and

This chemistry was completely unknown at that time. In the we concentrgted on Yb(Il) and Smll). We came across.the
report of Matignon and Cazes who prepared for the first time

samarium diiodide in 1906. Smivas obtained by the reduc-

* Tel.: +33 1 6915 7895; fax: +33 1 6915 4680. tion of Smg by hydrogen at high temperatui®. The same
E-mail address: kagan@icmo.u-psud.fr. reaction was later reinvestigat¢dl]. We set up a smooth

2. The beginning of the diiodosamarium chemistry
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Scheme 1. Some basic reductions induced by samarium diiodide.

preparation of Smlin THF solution[10,11} It involves ditions, the pinacol formation occurred, it was especially fast
the attack of suspension of samarium metal (powder) by for aromatic aldehydes or ketones.
1,2-diiodoethane§cheme 1 We identified the composition The activated organic halides (allylic or benzylic) were
Smb by various titrations and spectroscopic measurementsprone to coupling reactions while aliphatic halides were
[12]. The deep blue green THF solution was closed to 0.1 M slowly reduced into the corresponding hydrocarbons. In that
in Smk and could be stored under inert atmosphere. The pas-case, the THF played the hydrogen donor. The reduction of
sage from Srfi to Sn¥* is easily detected by the change of various acid chlorides unexpectedly led to a coupling into
colour from deep blue green to yellow. A fast screening of benzoins or ketol§13]. The deoxygenation of some epox-
the reducing ability of samarium diiodide solutions in THF ides or sulfoxides was also noticed, but phosphine oxides
gave many informations, which are summarized in the next were not reduced.
section. Two important classes of C—C bond formation reactions

were discoveredgcheme 2 the Barbier-like reaction and

the Reformatsky-like reaction, where the usual metal agent
3. Our first results (1977-1983) (Mg or Zn) is replaced by Sml The Barbier condensation

is sluggish with aliphatic halides but could be strongly accel-

In Scheme lare summarized some of the reactions €rated by the presence of catalytic amounts of Fe(lll) salts.

observed with simple organic compourjd4d,12] Aldehy- The Reformatsky reaction is very fast and can be runned
des or ketones were easily transformed into alcohols by conveniently. Some mechanistic studies shown indirectly the
Smb when a proton source (alcohol or water) was present Presence of radical intermediates, for example, in reactions
in the medium. Competitive reactions showed a much higher involving organic halides the THF fragment was noticed in
reactivity for aldehydes compared to ketones. In aprotic con- the structure of some by-products.

Samarium Barbier reaction (one-pot reaction)

1 2eq Sml ?H
eqomio
+ RX _ = - —r—
n-CBH13 CH3 THF n CSH13 C[; R
CH3

ref. [11]
R = n-Bu 8h, 65°C,76%

R =allyl 15min, rt, 71%
Samarium Reformatzky and analogous reactions

<:>:o + BICH,CO,E MFD(OH 90%
rt, 20 min CH,CO5Et
2 eq Sml, , THF o
<:>:o + BICH,CH,CO,Et —— "> <:>(OH 28%
65°C, 1d (CHy);CO,Et

ref. [11]

Scheme 2. Some-€C bond formations mediated by samarium diiodide.
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2 eq Sml,, THF
—_—

20°C, 5 min

ref. [15]  Ho

Scheme 3. Early examples of cleavage reactions.

4. The developments outside Orsay (1982-1987) Inanaga et al. to various reactions. For example, alkyl halides
are easily reducej@3] as described iScheme 6The proce-
In 1982, it was shown that Smlis a useful selective  dure is now widely used in the literature to accelerate many
reagent to induce selective transformations on quite com-types of transformations.

plex molecules $cheme B[14,15] The cleavage of N-O These observations stimulated investigations on the mech-
bond of several isoxazoles was also realized, leadifgrto  anistic aspects of the reactions.

aminoketoneg16]. In 1984, Imamoto et al. extended the Various structural studies on isolated samarium complexes
Barbier reaction by taking CICHDBnN as the organic halide  or produced in solution led to some understanding of the coor-
(Scheme %[17]. dination chemistry of Sm(Il)/HMPA systems. In 1994, Hou

In 1986, Molander and Etter published the first papers et al. described the crystal structure of the isolated complex
of an extensive series of investigations on the use obSml  [Smly, 4AHMPA] [24]. The discrete molecular entities contain
organic synthesis. They studied the intramolecular version of an octahedral Sm with two iodides in axial positions and four
the samarium Barbier reaction, as examplifiedoheme 5 equatorial HMPA molecules (O-bonded to Sm). The crystal
[18]. These authors also established that a C-heteroatom bondtructure of complex [Sm| 5THF] has been studied by Evans

vicinal to a carbonyl group is easily cleavestheme p[19]. [25]. Here, the Smimoiety takes a seven-coordinate pentag-
This is a quite general process, which was used by White etonal bipyramidal geometry with iodides in the axial positions.
al. in the course of a total synthe$§20]. The reducing properties in THF of Sgppl:HMPA is maxi-

During the years 1986—1987 came some interesting devel-mum forn = 4[26]. This has been confirmed by electrochem-
opments in the use of samarium diiodides. It was discoveredical measurements (in THF with NBBFgs as electrolyte) by
[21,22] that addition to THF of small amounts of HMPA  Flowers and co-worker®7]. The composition of solutions
((NMe2)3P=0)) increased strongly the rate in the lactoniza- has been investigated by Skrydstrup and co-workers by a
tion reactions$cheme § This observation was extended by combination of spectroscopic and electrochemical methods

i 0 0 OH
HaC (CHo) )L CH )'k /\_ CHz
3 2/3 3 Sml,, THF HaC (CH2)3
+ ’—)- o CHzan
70°C, 7 h 56%
CICH50Bn Hgi Pd/C
ref. [17]

o]

EJE? 91%

Scheme 4. Samarium Barbier reaction withoanhloroether.
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ref. [18] 90%

0
2 eq Sml,, THF )K/R
~ R
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high yields
R =n-C5H,5, X = OAc, OMes, OTs...
ref. [19]

0]
0 \< 0
.. O 2 eq Sml,, THF, it te, O
o EeCIéécalt\])
o . then . .
}/\ '/( 2 No o "/‘/
(0]

MeO, C
R R = OTBDMS 84% R

ref. [20]

Scheme 5. Various transformations mediated by samarium diiodide.

[28]. They concluded that with four equivalents of HMPAthe 5. The developments in the last decade

main species in THF solution is not [SpnBHMPA] but the

ionic cluster [SmM(HMPA)(THF)2]2%21~ [29]. It is then still All the various aspects of the Spnthemistry are impos-
difficult to fully understand the mechanistic details of reduc- sible to mention here. There are many review articles, which
tion by Smp alone or in presence of various additives. The give a general view or are focussed on a specific point
inner-sphere versus the outer-sphere electron transfer mechf31-43]

anisms is under investigation and discussion (for example, Samarium diiodide has been used in the transformations

seg[29,30). of complex molecules, in some specific families of natural
O
/\CO M Sml,, THF o 0O
_—
+ 2M€ T proH, it
ref. [21] none: 4 h, 82%

HMPA: 1 min, 95%

THF
n-CioHa-l + 25Sml, + 1eqi-PrOH ——— >  n-CygHyp

ref. [23] none: 6 h, 95%
HMPA: 5 min, 95%

Scheme 6. Influence of HMPA on the reactivity of samarium diiodide.
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products such as carbohydrates and in the total syntheses. Fanischmetall as the co-reducing agent. It is a cheap alloy
example, several taxoides and taxol syntheses took advantagé~US$20/kg) of approximate composition La (33%), Ce
of Smk chemistry in a cyclization step or in the reductive (50%), Nd (12%), Pr (4%) and other lanthanides (1%). Mis-
removal of a functional groug4—-46] Asymmetric synthesis ~ chmetall has an average atomic weight of 140. The catalytic
also benefited of samarium diiodide. Tandem reactions with samarium Barbier reaction needs the slow addition of a THF
high stereocontrol have been shown to be possible. Catalyticsolution of Smj containing the organic halide and the ketone
activation of Smy or the catalytic use of Smlthanks to a to a suspension in THF of mischmetall (1.4 eq.) and 10 mol%
co-reductant have been studied. In this article, we will just Smbk. The method was applied for the samarium Barbier or
detail these last two points. samarium Grignard modd51-53] It was established that
the mischmetall alone is unable to display the above reac-
tions and that there is the in situ formation of a quite stable
organosamarium species which can directly react with the
substrate or gives a transmetallation with one of the compo-
nents of the mischmetall.

In principle, an electrochemical regeneration of Ln(ll)
from Ln(lll) should allow to get a catalytic processes, as
established by Dunach and co-workgsg].

6. Catalytic activation of Sml,

In 1980, we noticed that a standard Barbier reaction
between 2-octanone and butyl iodide mediated by, Sm
needed 1h reflux in THF or 24 h at room temperature to
give 80% vyield in the product. We succeeded to get the same
yield in only 3 h at room temperature by using a catalytic
amount (2%) of a Fe(lll) sa[tL1]. The same reaction runned
in THF with 5% HMPA was complete at room tempera- 8. Asymmetric synthesis
ture in 5min[23]. It was then interesting to reinvestigate
the possibility to optimize the catalytic acceleration of Sml Only a limited number of examples are known involving
chemistry by transition metal salts. A systematic screening Smk at the key step of an asymmetric synthesis (see, a short
in 1996 established that nickel diiodide is an excellent cata- review in ref.[42]).
lyst for the Barbier reactiofd7]. Nil» has been widely used Samarium diiodide is often a useful reagent to release in
to accelerate various types of transformations. For example,Mild conditions a protecting group after completion of the
the intermolecular nucleophilic acylation of esters by acid asymmetric reaction.
chlorides and Smivas realized48]. Usually, this is a very
slow reaction, which became very easy in the presence of 1%
Nil2. The mechanism of the catalytic effect of pilemains
obscure. Presumably the nickel salt is reduced into a Ni(0)  Samarium diiodide has been widely applied to the modifi-
complex which combined to Sm(ll) or Sm(lll) species. cation of natural products or in the courses of total syntheses.

Various types of Smlinduced cyclizations have been
applied in the carbohydrate field. The reductive pinacol cou-
pling of 1,5- and 2,6-diols generates mainly cyelie-diols
[55]. This reaction allowed to make carbocycles from sug-
ars by diol oxidation into dialdehydes followed by a pinacol
closure. Reductive eliminations to glycals orC couplings
between a carbohydrate and a external reactant are some
_examples of the numerous transformations which have been
carried out on carbohydrates (for some references see in ref.
[42]).

Many total syntheses of natural products take Siol

9. Natural products, total syntheses

7. The catalytic use of SmlI;

Samarium diiodide has a large molecular weight (404), in
the same range that the organic molecule to transform. The
usual stoichiometry needs two equivalents of gnimtro-
ducing in weight more of the reagent than the substrate. It is
then highly desirable to decrease the amount of the samar
ium salt by devising a catalytic process. In this process, a
co-reducing agent must make the change Sm{HIBm(ll)

and not react with the substrate. Species such asz&meX - )
easy to reduce at the difference of alkoxides Sm(OR) 3. induce a transformation at a step of the synthetic scheme. For

One solution is to introduce stoichiometric amounts of a sil- €x@mple, Mukaiyama et al. constructed in 1997 the B ring of
icon reagent, which will provide an exchange reaction such @0l by anintramolecular samarium-Reformatsky {3
as SM(OR)X,_3 + Me3SiX — Me3SiOR + SmX%. In 1996, Recently, Nlcolapu et al. t_ook advantage of an mtram_olecu-
Endo and co-workers selected Mg combined to 10 mol% & aldehyde—oxime coupling to prepare one of the rings of
Smb and 1.5 mol eq. of MgSiX [49]. This system allowed diazonamide A[57].. Becguse lack of .p'lace, it is impossible
the pinacol coupling of aromatic ketones in good yield. Corey to devglop more this topic, some additional references can be
etal. found that amalgamated zinc is also suitable for the cat-found in ref.[42].
alytic use of Smy in various transformations, the addition of
Lil and Me3SiOTf enhancing the formation of Sgfrom the 10. Conclusion
samarium iodoalcoholates intermedigfted].

Helion and Namy proposed in 1999 an alternate solu-  Within a period of 25 years, Smkemerged as a power-
tion to the problem of the catalytic ugl]. They selected  ful and a major reagent in organic chemistry. The involved
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reactions are a combination of radical and organosamarium[26] E. Hasegawa, D.P. Curran, Tetrahedron Lett. 34 (1993) 1717.

chemistry. An interesting feature is the possibility to perform

[27] M. Shabangi, S.A. Flowers, Tetrahedron Lett. 38 (1997) 1137.

sequenced reactions, as pioneered by Molander and Etter. A28] R-J. Enemaerke, T. Hertz, T. Skrydstrup, K. Daasbjerg, Chem. Eur.

severe limitation for development is the price and the large

molecular weight of the reagent. Obviously, catalytic pro-

J. 6 (2000) 3747.
[29] R.S. Miller, J.M. Sealy, M. Shabangi, M.L. Kuhiman, J.R. Fuchs,
R.A. Flowers 1l, J. Am. Chem. Soc. 122 (2000) 7718.

cesses are welcomed, especially with low molecular weight [30] E. Prasad, B.W. Knettle, R.A. Flowers II, J. Am. Chem. Soc. 124

and cheap co-reducing agents. Besides organic transforma-

tions of middle-size molecules, Spnfound some applica-
tions in polymer chemistr{58]. A number of analogues of

(2002) 14663.

[31] H.B. Kagan, J.-L. Namy, Tetrahedron 42 (1986) 6573.

[32] H.B. Kagan, J. Collin, M. Sasaki, Pure Appl. Chem. (1988) 1725.
[33] H.B. Kagan, New J. Chem. 14 (1990) 453.

Smk were synthesized and screened for their reducing prop-(34] j.A. soderquist, Aldrichim. Acta 24 (1991) 15.

erties such as SmB(59,60] or Sm(OTf)p [61-63] Other

[35] G.A. Molander, Chem. Rev. 92 (1992) 29.

divalent lanthanide reagents have been recently prepared an6] G.A. Molander, C.R. Harris, in: L.A. Paquette (Ed.), Encyclopedia

compared to samarium diiodidé4—66] Promising are the
very reactive Ty [64] and Dyb [65] derivatives. Another
application of Smi is its central position as starting material

of Reagents for Organic Synthesis, vol. C, J. Wiley, 1995, p. 4428.
[37] G.A. Molander, C.R. Harris, Chem. Rev. 96 (1996) 307.
[38] G.A. Molander, C.R. Harris, Tetrahedron 54 (1998) 3321.
[39] A. Krief, A.-M. Laval, Chem. Rev. 99 (1999) 745.

in the preparation of other divalent samarium derivatives by [40] H.J. Liu, K.S. Shia, X. Shang, B.Y. Zhu, Tetrahedron 55 (1999)

exchange reactions. The interest generated by Sniell

reflected by an evaluation of the number of papers published
by year during the last 25 years. One can anticipate on further

exciting developments in the near future.
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