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ABSTRACT
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A new and efficient samarium diiodide-promoted carbon—carbon bond fragmentation reaction of o-aminomethyl malonates, taking place
normally at room temperature and generating the corresponding deaminomethylation products in 74—94% yields, is reported. The presence
of the amino group is necessary for the success of the current transformation.

Samarium diiodide, or Sml,, was first introduced by Kagan
in the late 1970s as a powerful one-electron reducing agent
for a variety of organic functional groups.* Since then, it
has been extensively employed to mediate many processes
ranging from functional group interconversion to complex

T Peking University.

* Shanghai Institute of Organic Chemistry.

S University of Science and Technology of China.

(1) (& Namy, J. L.; Girard, P.; Kagan, H. B. Nouw. J. Chim. 1977, 1, 5.
(b) Girard, P.; Namy, J. L.; Kagan, H. B. J. Am. Chem. Soc. 1980, 102,
2693.

(2) For reviews on the use of Sml, in organic synthesis, see: (a)
Gopalaiah, K.; Kagan, H. B. New J. Chem. 2008, 32, 607. (b) Ebran, J.-P.;
Jensen, C. M.; Johannesen, S. A.; Karaffa, J.; Lindsay, K. B.; Taaning, R.;
Skrydstrup, T. Org. Biomol. Chem. 2006, 4, 3553. (c) Edmonds, D. J;
Johnston, D.; Procter, D. J. Chem. Rev. 2004, 104, 3371. (d) Kagan, H. B.
Tetrahedron 2003, 59, 10351. () Steel, P. G. J. Chem. Soc., Perkin Trans.
12001, 2727. (f) Kagan, H.; Namy, J. L. Lanthanides: Chemistry and Use
in Organic Synthesis, Kobayashi, S., Ed.; Springer: Berlin, 1999; p 155.
(9) Krief, A; Lava, A.-M. Chem. Rev. 1999, 99, 745. (h) Molander, G. A.;
Harris, C. R. Tetrahedron 1998, 54, 3321. (i) Molander, G. A.; Harris, C. R.
Chem. Rev. 1996, 96, 307. (j) Molander, G. A. Org. React. 1994, 46, 211.
(k) Molander, G. A. Chem. Rev. 1992, 92, 29. (I) Soderquist, J. A.
Aldrichimica Acta 1991, 24, 15.

10.1021/01901608k CCC: $40.75
Published on Web 08/21/2009

© 2009 American Chemical Society

carbon—carbon bond-forming sequences.? Among those
transformations, a number of fragmentation reactions have
been investigated, the majority of which have been aimed
at carbon—heteroatom bond fragmentation such as dehalo-
genation, deoxygenation, and deamination.?* In contradt,
relatively few endeavors have been devoted to the carbon—
carbon bond fragmentation reactions athough they just started
to gain increasing popularity in recent years.* For the latter
category, the presence of a ring-strained system® or a leaving
group® (such as halo atoms, dithiocarbonyl group, etc.) isusualy
required to trigger the reaction, while certain 1,4-diketones,
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within either ring-strained or dtrain-free systems, have been
found to undergo carbon—carbon bond fragmentation.”
Recently, we investigated the reaction of Sml, with a series
of a-aminomethyl malonates, a type of strain-free substrate
containing a quaternary carbon center adjacent to the
alkoxycarbonyl groups. Upon treatment with freshly prepared
Sml, (1.1 equiv), approximately 50% of diester la was
converted into 2a within 20 min (Table 1, entry 1), through

Table 1. Optimization of Reaction Conditions with 1la

Smly

BnO2C Me THF, it BnO:2C,
— —Me
BnO>C NMe. BnO,C
1a 2a
entry SmlI, (equiv) time yield® (%)

1 1.1 20 min® ca. 50°
2 2.0 20 min® 88
3 2.2 2h 94
4 5.0 2h 87

2 |solated yield. ® The reaction mixture turned from blue to yellow after
about 20 min, indicating that Sml, was completely consumed. ¢ Estimated
yield based on a TLC anaysis.

anew and intriguing type of carbon—carbon bond fragmen-
tation. If the quantity of Sml, was increased to 2.0 equiv,
the reaction was complete in 20 min, affording 2a in 88%
yield (entry 2). When the substrate was treated with more
Sml, (2.2 and 5.0 equiv) for longer reaction time (2 h), the
yields were found to be 94% and 87%, respectively (entries
3 and 4). Therefore, the quantity of Sml, and the reaction
time were fixed at 2.2 equiv and 2 h, respectively, for most
of the subsequent experiments.

To examine the generality and scope of the Sml,-mediated
carbon—carbon bond fragmentation method, a series of
a-aminomethyl malonates® were scrutinized (Table 2). The
following observations have been made. (i) The R group in
1 (Table 2) can be amethyl, abenzyl, or a methylene within
a lactone ring. (ii) Except for 1f and 1i, al maonate
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Table 2. Sml,-Mediated Carbon—Carbon Bond Fragmentation of 1

Smlz
(2.2 equiv),
El R THF, 1t, 2 h E1>_ ;
2 253 2 R
E NR°R E
1 2
entry substrate y(lf/(l)()i
1 BROSCo e la: R=Me 94
2 BnOzC>&NR2 1b: R=Bn 94
S 1e:R,R=(CHys 89
4 1d: R=Me 90
5 oo le:R,R=(CH,,0(CHy), 85
2 NR2 = -
b If: "NRy”= "N Me;1” .0 .
7 1g: R=R’=Et 77
8 o 1h: R =Ph, R’=H 74"
9 NRR' 1i: R = Ph, R’=Ac 0

________________ somoeeen JEREIRRZAS B
10 o& 1j 94
EtO,C NMe,

2 | solated yield. ® Sml, (5 equiv) was added while the substrate was heated
in THF, and the mixture was then heated at reflux for an additiona 0.5 h.

derivatives (dibenzyl, dimethyl, or diethyl malonates, or a
lactone) underwent clean and smooth fragmentation to form
the corresponding products in good to excellent yields
(74—94%, entries 15, 7, 8, and 10). (iii) The presence of
the amino group is necessary for the success of the reaction.
For example, it can be a dimethylamino, diethylamino,
dibenzylamino, piperidinyl, morpholinyl, or anilino group.
No reaction occurred in the case of amide 1i (entry 9), and
a messy mixture was generated from ammonium 1f (entry
6). In addition, as demonstrated by further studies, replace-
ment of the amino group with an iodo, ethoxy, or phenyl
did not bring about the desired fragmentation. (iv) While
tertiary amine substrates reacted readily at room temperature,
a secondary amine counterpart 1h (entry 8) required both
harsher reaction conditions and extra Sml, to secure a useful
transformation.

The current fragmentation seems to proceed via a free
radical reaction pathway. To collect pertinent evidence, the
following experiment was executed. As shown in Scheme 1,

Scheme 1. Reaction of 1b with 1.2 Equiv of Sml,

Smbk
(1.2 equiv),
BnO2C Me THF, rt BnO>
Me + anN/\/Nan
BnO2C NBn2 BnO2C
1b 2a (57%) 3b (63%)

careful addition of Sml, (1.2 equiv) to a solution of compound
1b in THF did provide the homocoupling product 3b (63%) in
addition to the fragmentation product 2a (57%). Successful
isolation of dimer 3b has thus confirmed our hypothesis that
the reaction involves free radical intermediates.
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On the basis of all the information described above, a
tentative mechanism has been proposed for the fragmentation
reaction of a-aminomethyl malonates (Scheme 2). Com-

Scheme 2. Proposed Mechanism
OBn OBn
,0=< OBn ,‘0=< OBn
smi, |25rr{:;°i§—ue |25m'1°§—m1e
/N\ /N\
Bn Bn Bn
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BnO2C NBnz

1b 1’
(ab
s -
e Smlz
—NBnz =~ "—NBn:z o n Me
- e / —_— 2
I e
OBn Bf'ozc
MeNBn, BN 5b 2a
8b 3b

pound 1b istaken as an example hereto illustrate the reaction
pathways. Upon treatment with Sml,, simultaneous coordi-
nation®° of samarium to an electron-rich nitrogen atom and
two carbonyl oxygen atoms might take place to form 1b’.
Unsuccessful transformation of 1f and 1i presumably resulted
from failure in prior tridentate coordination to samarium.
Subsequently, partia reduction of 1b’ is realized through
single electron transfer (SET) to produce a ketyl radical anion
4b, in which Sm(lI1) might also coordinate to the nitrogen
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and the carbonyl oxygen of the other ester group. Fragmen-
tation of 4b leads to Sm(lIl) enolate 5b and radical 6b.
Primary radical 6b can either undergo dimerization via
homocoupling to give 3b or be further reduced to afford
anion 7b in the presence of excess Sml,. After agueous
workup, 5b and 7b are transformed into 2a and 8b,
respectively. Alternatively, radical 6b could attract a proton
from the solvent to afford 8b.**

In conclusion, we have developed a novel and efficient
Sml,-promoted carbon—carbon bond fragmentation reaction
of o-aminomethyl malonates, which takes place normally
at room temperature and generates the deaminomethylation
productsin 74—94% yields. The presence of the amino group
is necessary for the success of the transformation. The current
fragmentation can be considered conceptualy as a retro-
Mannich reaction (although no aldehydes or imines would
be obtained from this reaction), which should find potential
applications in organic synthesis.
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